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REPORT. 


TO  THE  RIGHT  HONOUBABLK  WALTER  HUME  LONG,  M.P., 
PRESIDENT  OF  THE  LOCAL  GOVERNMENT  BOARD. 

Sib, 

In  my  introdaction  to  the  Report  by  Dr.  Houston,  on 
Moorland  Waters  in  regard  of  their  action  on  lead,  which  was 
issued  last  year,*  I  pointed  out  that  Dr.  Houston's  conclusions 
on  the  whole  subject  of  his  inquiry  had  been  determined,  in 
part  by  the  results  of  his  systematic  study  of  waters  derived 
from  a  variety  of  moorland  gathering  grounds  in  Lancashire 
and  Yorkshire,  and  in  part  by  the  resmts  obtained  from  a  pro- 
longed and  extensive  series  of  laboratory  experiments.  The 
former  were  fully  recorded  in  last  year's  volume  ;  the  latter  are 
set  out  in  the  volume  now  submitted. 

The  detailed  observations  here  placed  on  record  afford 
abundant  evidence  of  the  thoroughness  with  which  the  inquiry 
was  pursued,  and  of  the  care  which  Dr.  Houston  has  taken  at 
each  stage  of  his  investigations  to  assure  himself  of  the  facts. 
In  addition,  they  form  valuable  material  for  reference  when 
— ^measures  in  prevention  of  lead  poisoning  being  in  contempla- 
tion—difficulty arises  in  interpreting  the  results  obtained  by 
examination  of  a  moorland  water,  or  in  determining  in  a  given 
instance  the  chemical  and  biological  factors  concerned  in  pro- 
ducing acidity,  ability  to  dissolve  lead,  or  ability  to  "  erode " 
lead  pipes.  The  classification  of  subjects  and  the  arrangement 
of  tables  which  Dr.  Houston  has  adopted  will  facilitate  reference 
for  this  purpose. 

I  may  add  that  due  account  was  taken  of  the  data  now 
published  in  preparing  the  introduction  to  last  year's  volume,  in 
inrhich  I  dealt  with  the  practical  bearings  of  the  whole  inquiry, 
and  with  the  considerations  as  to  the  prevention  of  lead 
poisoning  which  should  be  kept  in  mind  by  those  responsible 
for  the  management  of  water  supplies  derived  from  moorland 
sources.  Here  it  is  only  necessary  to  add  that  Dr.  Houston's 
observations  in  Addendum  B.  of  this  volume  (p.  443)  on  the 
question  of  "  Standards  "  prcmiise  to  be  of  considerable  practical 
utility.     In  this  Addendum  he  indicates  the  tests  which  he  has 

*  Thirtieth  Annual  Report  of  the  Local  GoTemment  Board.  Sapplement  (in 
eontinnation  of  the  Beport  of  the  Medical  Officer)  on  Lead  PoisomDg  and  Water 
Supplies.     [Cd.  1548.] 
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found  capable  of  uniformly  detecting  certain  degrees  of  acidity, 
of  ability  to  dissolve  lead,  and  of  ability  to  ^  er^e  "  lead,  which 
should  without  question  be  regarded  as  rendering  a  water 
unsuited  for  supply  through  lead  pipes. 

I  have  the  honour  to  be. 
Sir, 
Your  obedient  servant, 

W.  H.  POWER. 
November,  1903. 
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DR.  HOUSTON'S  REPORT. 


IN.XRODUCTOJiY. 

In  1887,  Mr;  W.  H;  Power,  after  study  of  the  subject  of  lead 
poisoning  by  nibofland  waters  generally,  and  of  tlie  facts  recorded 
respecting  the  particular  case  of  Sh0ffield,  wrote  as  follows : — * 

*'  Phenomena,  such  as  these,  if  observed  in  the  biological 
laboratory  in  relation  with  the  life  processes  of  one  or  another 
microphyte,  would  not  be  difficult  of  cumprehension.  The 
suggestion  of  them,  therefore,  in  this  connexion  wiH  have  raised 
suspicion  whether  the  inscrutable  behaviour  of  soft  mCrorland 
waters  in  regard  of  their  plumbo-solvent  ability  may  not  be 
related  to  the  agency,  direct  or  indirect,  of  low  forms  of  organic 
life.  So  that  the  question  would  seem  to  be  arising  whether 
chemistry,  which  by  itself  has  failed  to  afford  satisfactory 
explanation  of  the  plumbo-solvency  of  moorland  waters,  may  not 
get  advantage  by  association  of  biology  in  the  problem." 

"In  1890  the  sanction  of  the  Board  was  obtained  to  an 
inquiry  into  this  subject  by  the  Medical  Department,  such 
inquiry  to  include  not  only  chemical  and  bacteriological  study 
of  the  circumstances  which  might  give  to  these  waters  the 
power  of  dissolving  lead,  but  also  simultaneous  investigation  at 
the  various  gathering  grounds  of  the  origin  and  characters  of 
the  waters  having  plumbo-solvent  quality." f 

In  1893,  Mr.  W.  H.  Power  gave  an  account  of  the  progress  of 
this  inquiry;  of  the  provisional  conclusions  that  had  been 
arrived  at;  and  of  the  several  lines  of  work  that  were  being 
followed  up  by  the  experts  engaged  in  the  investigation.} 

Last  year  (1902)  Volume  I.  of  the  detailed  report  was  issued. 
The  present  volume  (Volume  II.)  completes  the  record  of 
the  prolonged  investigations  carried  out  during  the  inquiry. 
Subjoined  are  notes  of  previous  official  publications  on  the 
subject:  — 

The  Sheffield  outbreak  of  plumbism  in  1886,  very  ably 
reported  on  by  Dr.  Sinclair  White,  the  Medical  Officer  of  Health 
of  that  borough. 

Observations  on  the  general  subject  of  lesid  poisoning  by 
moorland  waters,  with  special  reference  to  the  Sheffield  Epidemic, 
by  Mr.  W.  R  Power,  in  1887. 

•  Snpplement  by  the  Medical  OflScer  to  the  17th  Annual  Report  of  the 
Local  (xovemment  Board. 

t  Qaotation  from  the  late  Sir  Bichard  Thome  Thome's  introduotion  to 
Mp.  W.  H.  Power's  interim  report  (A pp.  A.,  No.  13,  Report  of  the 
Medical  Officer,  Local  Government  Board,  1893-94). 

{  Lead  Poisoning  by  Moorland  Waters.  By  Mr.  W.  H.  Power,  P.R.S. 
App.  A,  No.  13,  Report  of  the  Mp'^JciI  O.liccr.  L  Tal  Goveniment  BoarJ, 
189a-94. 
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SeGordu  of  Water  Supplies  in  the  Sanitary  Districts  of  the 
West  Riding  of  Yorkshire,  collected  as  introductory  to  an 
investigation  by  the  Medical  Department,  of  the  local  condi- 
tions affecting  the  Solubility  of  Lead  %y  Water ;  by  the  late 
Dr.  Barry,  in  1891. 

Like  records  for  the  Counties  of  Lancaster,  Cumberland,  and 
Westmoreland ;  by  the  late  Mr.  T.  W^.  Thompson  in  1892. 

Interim  report  by  Mr.  W.  H.  Power,  in  1893,  on  the  progress 
of  the  inquiry  undertaken  by  the  Medical  Department  of  the 
Local  Government  Board  in  1890. 

Volume  I.  of  the  detailed  report  was  issued  in  1902. 

It  will  be  convenient  for  purposes  of  reference  to  give  in  the 
following  pages  a  brief  summary  of  the  matters  which  have 
been  dealt  with  in  Volume  I. 
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SUMMARY  OP  VOL.  I. 


Tart  I.  —  Differential  Examination,  at  weekly 
interv^als  and  over  a  long  period,  of  waters  of 
diverse  sort  from  one  and  the  same  moorland 
gathering  ground. 


The  object  of  thifi  branch  of  the  inquiry  was  to  submit  severally  to 
frequent  comparative  test^  waters  which,  wheu  combined  together  at  a 
•distance  from  their  common  moorland  gathering  ground,  constitute  a 
pablic  water  supply.     This  with  a  view  to  determine — 

(a.)  What  are  the  seasonal  modifications  of  each  of  such  contributory 

waters. 
(b.)  In  what  way  and  to  what  degree  they  differ  at  one  and  another 

time  from  each  other  as  regards  their  constituents, 
(c.)  How  far  diversity  of  their  ability  to  dissolve  lead  is  associated  with 
season  of  the  year,  and  is  at  the  same  time  parallel  to  observed 
differences  in  their  chemical  and  bacterial  characters. 
A  gathering  ground  of  the  sort  desired  was  selected  at  Burnmoor,  in 
the  neighbourhood  of  Settle,  in  the  West  Riding  of  Yorkshire. 

On  the  Burnmoor  gathering  ground  it  was  found  that  the  contributory 

waters  of  which  I  have  spoken  were  of  two  kinds,  and  this  observation 

lias  since  been  amply  confirmed  on  diverse  moorland  gathering  grounds: — 

(a.)  Acid  peaty  water,  possessed  of  plumbo-solvent  ability. 

(b,)  Neutral,  and  oflen  alkaline  (in  the  sense  of  being  able  to  correct 

acidity),  spring  water,  devoid  of  plumbo-solvent  ability. 
With  a  view  to  subjecting  waters  of  this  type  to  detailed  scrutiny, 
and  to  determine  the  factors  which  govern  the  acquisition  of  plumbo- 
solvency,  the  following  waters  upon  the  Burnmoor  (Bentham)  gathering 
ground  were  chosen  for  examination  : — 

(a.)  The  waters  of  certain  iprinys  representing  rain  which,  falling 
on  the  gathering  ground,  had  escaped  prolonged  contact  with 
the  peat  soil,  arid  had  been  chemically  modified  in  passage 
through  or  between  strata  underlying  the  peat.  As  repre- 
sentative of  (a)  class  of  waters,  two  springs  were  selected, 
respectively  termed  in  this  report — 

Bentham  (Burnmoor)  Spring  No.  1. 
„  „  „      No.  2. 

(In  the  course  of  the  investigation  it  was  ascertained  that 
Spring  No.  1  (and  in  lesser  degree  Spring  No.  2)  was  subject 
to  occasional  contamination   with  sui-face  peaty  water.    The 
results  as  regards  Spring  No.  1  will  not  therefore  be  included 
in  this  summary.) 
(6.)  The  waters  of  certain  pools  representing  rain-water  that  had 
remained  in  sustained  contact  with  peat  or  moss  and  with 
living  or  dead  vegetable  matter.     As  typical  of  (b)  class  of 
waters,  two  waters  were  chosen,  namely  : — 
Bentham  (Burnmoor)  Peat  Pool. 
„  „  Moss  Pool, 

(c.)  The  water  of  the  stream  descending  towards  the  service  reser- 
voirs, and  which  represented  mixture,  difiering  in  proportion 
from  time  to  time,  of  waters  of  the  class  (a)  and  {b).    As 
typical  of  the  (c)  class  of  water  a  stream  was  selected,  namely  :— 
Bentham  (Burnmoor)  Bright  S^ke  Stream. 

A   2 
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The  following  is  a  resume  of  the  chief  results  of  the  chemical  analyses 
of  these  waters,  carried  out  at  weekly  intervals  over  a  prolonged 
period: — 

Chemical  Examination  of  the  several  selected  Bornhoor  Waters- 
(Average  results  stated  as  parts  per  100,00  0.) 


Chemical  Composition 
as  regards 


Total  solids 
Free  ammonia 
AlbnmiiKHd  i 
Oxidised  nitrogen  - 
Oxygen    absorbed 

permanganate. 
Chlorine 
Hardness    - 
Dissolved  oxygen 


Bentham         Bentham         Bentham 
Spring  No.  2.     Peat  Pool.       Moss  Pool.  ' 
Nov.  9, 1891,  Nov.  9, 1891,  Nov.  9, 1«91,. 


to  March  27,   to  March  27, 
1893.  1893. 


from 


to  March  27, 

1893, 


Bentham 
Bright  Syke 

^ream. 

March  38, 

1892,  to 

AUrch  27, 

1893. 


5-5 

70           i 

6-5 

5-0 

0-006 

0  005 

0-005 

0005 

002 

006 

0065 

O'OU 

0-025 

0-03 

0-028 

0-02» 

0-3 

1-8            1 

1-7 

0-3S 

0-9 

0-9            1 

0-92 

0-9 

3-0 

2-8           t 

8*0 

8-0 

1-02 

104         1 

0-96 

1-2 

Although  on  an  average  these  waters  did  not  differ  from  each  other 
to  any  notable  extent  as  regards  their  chemical  constituents,*  they  never- 
theless showed,  in  respect  of  their  action  on  lead  and  their  reaction, 
the  most  striking  points  of  distinction.  These  facts  may  be  emphasised, 
in  the  following  manner : — 


Reaction  and  Plumho- 
solvency. 


Waters  representative  of 
Moorland  Springs  and 

Streams  (Mix tore 
in  variable  proportion 
of  Spring  and  Peaty 

Waters). 
Bentham  Springs  and 
Bright  Syke  Stream. 


Waters  representative 

of  Moorland  PecUy 

Water  unmixed 

(or  almost  so) 

with  Spring  Water. 

Bentham  Peat  and  Moss 

Pools. 


Neutral  waters  and  waters 
apt  to  he  possessed  as 
well-  of  an  appreciahle 
amount  of  acid  neutral- 
i«iag  abUity. 

Waters  yielding  an  acid 
reaction  and  containing 
a  measurable  quantity  of 
acid. 


+ 


Waters  pnpticaUy  free  from 
any  solvent  action  on  lead. 


Waters  possessed  of  strong 
plumbo-solvent  ability. 


+• 


+ 


*  The  peaty  water*,  of  course,  jri^ve  the  b-ghest  results  as  regards  organic  matter. 
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A3  die  resalt  of  the  BurDinoor  icvestigutioub  tlio  foUowIng  conclusions 
■were  put  forward  : — 

(1.)  At  Burn  moor  the  cLcmical  composition  of  spring  water,  peaty 
water,  and  moorland  spring  (mixed)  water,  was  very  fiimilar 
in  respect  of  total  solids,  or«:anic  mailer,  oxidised'  nitrogen, 
chlorine,  hardness,  and  dissolved  oxyi^eu,  although  peaty 
water  gave  the  highest  results  as  regards  organic  matter. 

{2.)  In  the  course  of  a  series  of  examinations  of  spring  water,  peaty 
water,  and  moorland  stream  water,  carried  over  many  months, 
it  was  found  that  variations  in  chemical  composition  in  respect 
of  total  solids,  organic  matter,  oxidised  nitrogen,  chlorine, 
hardness,  and  dissolved  oxygen  were  in  no  case  accompanied 
by  corresponding  variations  in  plum  bo- solvent  ability. 

<3.)  In  respect  of  acidity,  however,  there  was  in  general  a  marked 
contrast  between  the  several  waters,  which  corresponded  to 
observed  difftrrences  between  them  in  lead -dissolving  property. 
Moreover,  in  the  course  of  a  long  series  of  examinationa 
carried  over  many  months  it  was  found  that  in  the  case  of  a 
given  water  variations  in  acidity  were  accompanied  by  cor- 
responding variations  in  plumbo-solvent  ability.  And  from 
these  observations,  since  confirmed  on  a  plurality  of  gathering 
grounds,  it  may  be  affirmed  that  in  general — 

(4«)  Moorland  spring  water  is,  practically  speaking,  neutral  and  free 
from  plumbo-solvent  ability.  Commonly  it  is  possessed  as  well 
of  a  slight  but  still  an  appreciable  degree  of  acid-neutralising 
ability. 

(5.)  Moorland  peaty  water  is  usually  distinctly  acid  and  possessed  of 
a  vigorous  solvent  action  on  lead. 

(6.)  Moorland  streams  (mixture  of  spring  and  peaty  water)  are 
either  neutral  and  free  from  pi  umbo- solvency,  or  acid,  and 
possessed  of  pliunbo-solvent  ability. 

The  ability  to  dissolve  lead  of  a  given  moorland  water  of  mixed 
ongiu,  such  as  a  stream  fed  partly  from  springs  and  partly  by  surface 
and  peaty  water,  depends  upon  the  degree  of  the  acidity  possessed  by 
its  acid  constituent  waters,  upon  the  volume  of  these  acid  constituent 
waters  relative  to  the  total  bulk  of  mixed  water,  and  upon  the  volume 
of  the  constituent  waters  which  possess  ability  to  neutralise  acid.  Here 
I  may  observe  that  laboratory  experiments  have  shown  conclusively 
that  an  acid  peaty  water  may  be  deprived  of  its  acidity  and  plumbo- 
solvency  by  admixture  with  moorland  spring  water  possessed  of  acid 
neutralising  ability.  Given  a  continuance  of  favourable  counter- 
balancing conditions,  a  mixed  water  which  constantly  receives  a  pro- 
portion of  highly  acid  water  may  nevertheless  i^main  without  ability  to 
act  upon  lead. 

During  1893  a  further  series  of  experiments  was  carried  out  at 
Burnmoor. 

These  comprised  the  chemical  analyses,  on  lines  broadly  parallel  with 
the  previous  investigations,  of  the  water  of  Bentham  Reservoir.  The 
samples  of  water  were  collected  both  from  near  the  surface  and  near 
the  foot  of  the  water  in  the  reservoir.  These  observations  were  made 
becauFte  the  Burnmoor  supply  to  Bentham  village  was  reputed  to  act 
occasionally  vigorously  on  lead,  and  to  have  caused  lead  poisoning 
is  the  past.  DuHng  the  prolonged  investigations  carried  out  at 
Burnmoor  it  was  found  that  a  tributary  to  this  reservoir.  Bright  Syke 
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stream,  did  not  become  acid  and  possessed  of  plnmbo-solvent  ability, 
although  certain  of  the  contributory  waters  (Peat  and  Moss  Pools) 
were  strongly  acid,  and  acted  on  lead  to  a  conspicuous  extent.  Bright 
Syke  is  not,  however,  the  only  source  of  supply  of  Bentham  Eeservoir, 
and,  in  the  circumstances,  it  was  considered  advisable  to  ascertain 
whether  this  reservoir  water  did,  as  a  matter  of  fact,  occasionally 
acquire  plumbo- solvent  ability.  For  this  purpose  it  was  decided  to 
subject  to  weekly  chemical  testa  the  sum  of  the  waters  collected  from 
the  Bommoor  gathering  ground  and  stored  in  the  reservoir  ;  audit  waa 
decided  to  collect  the  samples  both  from  near  the  surface  and  also  from 
near  the  foot  of  the  reservoir. 

In  summarising  the  results  obtained  the  following  points  are  worthy 
of  note : — 

The  samples  of  water  obtained  from  near  the  foot  of  the  reservoir  and 
those  collected  from  near  the  surface  did  not  differ  the  one  fi  3m  the 
other  to  any  notable  extent  in  their  chemical  composition.  And  although 
they  were  less  '*  soft, "  and  contained  more  solids,  they  did  not  seem  to 
differ  much  in  other  respects  from  the  waters  which  have  been  con- 
Bidered  in  detail  in  the  earlier  pail  of  this  repoit.  As  i*egards  reaction 
and  action  on  lead,  both  sets  of  samples  ivere  found  to  be  invariably 
neutral  and  free  from  plumbo-solveucy. 

Samples  were  collected  for  detailed  examination  at  weekly  intervala 
from  August  4th  to  December  27th,  1893,  both  dates  inclusive.  Samplea 
were  also  collected  on  39  other  occasions  during  September,  October, 
and  November  1893,  and  these  were  tested  for  their  reaction.  The 
water,  however,  was  always  found  to  be  neutral. 

During  the  whole  period  of  observation,  therefore,  the  water  of  Bentham 
Beservoir  was  proved  to  have  no  solvent  action  upon  lead.  The  result  was 
not  altogether  what  had  been  anticipated,  in  view  of  the  general  statementa 
which  had  been  made  liefore  1893  as  to  the  lead-dissolving  properties 
possessed  by  this  water,  and  for  the  purposes  of  this  inquiry  it  is  rather 
a  matter  for  regret  that  ii  did  not  become  plumbo-solvent  during  the 
period  of  observation.  The  results  obtained,  however,  are  not  widiout 
value  in  their  negative  aspects.  They  fuinish  a  good  example  of  a 
moorland  water  supply  which  maybe  neutral  and  free  from  ability  to  act 
on  lead,  although  certain  of  its  contributory  waters  are  possessed  of  acidity 
and  plumbo-solvency  in  ox>nspicnous  degree.  Here,  as  in  the  case  m 
Bright  Syke  Stream,  there  can  be  little  doubt  of  the  reason. 

The  result  is  to  be  traced  to  the  presence  in  sufficient  amount  of  other 
contributory  waters  of  different  sort,  namely,  neutral  spring  waters,  and 
waters,  moreover,  possessed  of  an  appreciable  degree  of  acid  neutralis- 
ing ability.  Obviously  conditions  might  at  times  arise  which  disturb 
the  balance,  and  if  as  a  fact  Bentham  Reservoir  at  other  times  has  been 
acid  and  possessed  of  ability  to  dissolve  lead,  the  circumstance  is  not 
necessarily  inconsistent  with  the  liacts  observed  in  1893. 

Further,  the  following  waters  were  subjected  to  frequent  bacterial 
testing,  namely : — 

Average  Number 

of  Microbes 

per  C.C. 

Inflow  water  to  Bentham  Reservoir  (18  samples)     -  2,140 

Surface  water  of  Bentham  Reservoir  (17  samples)    -  1,862 
Water  taken  near  the  foot  of  Bentham  Reservoir 

(16  samples)         .....  2,446- 
Peat  Pool  water  (H  sample**)          -                -             .        190 
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Lastly,  bacteriological  examinatioDs  were  mado  of  numerous  samples 
of  Burnmoor  peat  soil  with  result  as  follows  : — 

fientham  peat  soil  (surface  layers): — 30  samples  yielded  an  average 

of  191,153  aerobic  microbes  per  gramme. 
Bentham  peat  soil  (samples  taken  from  a  little  below  the  surface)  : — 

8  samples  yielded  an   average  of  39,063  aerobic  microbes  per 

gramme. 
Benlham  peat  soil  (surface  layers)  : — 13  samples  yielded  an  average 

of  7,985  anaerobic  microbes  per  gramme. 


Fart  II.— Results  of  Surveys  of  Moorland 
Gathering  Grounds  in  Lanoashire  and  Yorkshire. 


Prior  to  the  actual  commencement  of  work  at  Burnmoor,  a  schema 
bad  been  foiinnlated  which  took  note  of  the  necessity  of  supplementing 
and  extending  the  infoimation,  which  it  was  anticipated  would  be 
obtained  *'  loodly  "  at  Burnmoor,  by  careful  inspection  of  the  physical 
characters  of  other  gathering  grounds  in  relation  to  the  quality  of  water 
Bupplied  by  them,  and  of  comparing  the  results  obtained  on  one  area 
with  those  of  other  and  quite  separate  areas. 

The  following  is  a  list,  alphabetically  arranged,  of  the  waterworks  of 
which  surveys  were  made  : — 

1.  Ashton-nnder-Lyne,  Stalybridge,  aud  Dukinfield  (District)  Water- 

works Joint  Committee ;  Lancashire. 

2.  Bacap  Corporation  Waterworks  ;  Lancashire. 

3.  Bamsley  Corporation  Waterworks ;  Yorkshire. 

4.  Barrow-in-Furness  Corporation  Waterworks ;  Lancashire. 

5.  Batley Corporation  Waterworks;  Yorkshire. 

6.  Blackburn  Corporation  Waterworks ;  Lancashire. 

7.  Bolton  Corporation  Waterworks ;  Lancashire. 

8.  Bradford  Corporation  Waterworks ;  Yorkshire. 

9.  Burnley  Corporation  Waterworks ;  Lancashire. 

10.  Colne  Waterworks ;  Lancashire. 

11.  Dewsbury  and  Heckmondwike  Water  Board ;   Y'orkshire. 

12.  Halifax  Corporation  Waterworks ;  Yorkshire. 

13.  Hoddersfield  Corporation  Waterworks;  Yorkshire. 

14.  Keighley Corporation  Waterworks;  Yorkshire. 

15.  Leeds  Corporation  Waterworks ;  Y'orkshire. 

16.  Morley  Corporation  Waterworks ;  Yorkshire. 

17.  Nelson  Corporation  Waterworks ;  Lancashire. 

18.  Oldham  Corporation  Waterworks  ;  Lancashire. 

19.  Preston  Corporation  Waterworks;  Lancashire. 

20.  Rochdale  Corporation  Waterworks ;  Lancashire. 

21.  Sheffield  Corporation  Waterworks ;  Yorkshire. 

22.  Shipley  (Eldwick)  Waterworks;  Yorkshire. 

23.  Wiicefield  Corporation  Waterworks ;  Yorkshire. 

Of  these  23  watt^r works,  11  are  situated  in  Lancashire  and  12  )B 
Yorkshire. 
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G^nenattj  speaking,  hi  each  survey,  geueial  information  is  given 
under  the  heading : — 

**  Source  of  the  water  supply  and  general  description  of  the  water- 
works," followed  by  special  notes  : — 

(a.)  On  the  characters  of  the  gathering  ground. 

(6.)  On  conditions  found  to  exist  on  the  gathering  ground  on 
the  date  (or  dates)  of  inspection. 

(c.)  On  the  results  yielded  by  the  chemical  examination  of 

the  waters  in  reference  to  the  observed  characters  of  the 

gathering  ground. 

following  on  the  full  particulars  respecting  each  of  the  gathering 

grounds  surveyed  came  a  careful  consideration  of  the  results  obtained 

from  the  several  surveys.     The  following  notes  summarise  some  of  the 

points  considered  : — 

Particular  Nalural  Conditiotis  of  Gathering  Grounds  in  relation 
to  the  pretence  of  Peat  and  to  the  Plumho-solvent  Ability  of 
Water  derived  from  them. 

Under  this  heading  ihe  following  conditions  and  factors  were 
considered : — 

.  The  difference  (ojoe  of  degree  rather  than  of  kind)  between  upland 
and  moorland  gathering  grounds^  with  examples  of  gathering  grounder 
essentially  moorland  in  character,  typical .  moorland  gathering  grounds, 
and  gathering  ground  not  pre-eminently  moorland  in  character. 

Notes  on  the  acidity  of  moist  peat  soil  on  the  different  gathering 
grounds. 

The  distribution  of  peat,  with  examples  of  gathering  grounds 
specially  peaty  and  others  less  rich  in  peat. 

Consideration  of  the  qualities  of  peaty  water  and  spring  water,  and 
their  influence  on  the  questions  of  acidity  and  plumbo-solvency. 

Possible  factors  of  acidity  other  than  peat,  ^.g.^  iron  pyrites,  acid  ruin 
water,  ochre  springs,  deposits  of  iron  in  peat  and  marl,  ferruginous  shale 
and  sandstone,  &c. 

Geological  and  physical  considerations  bearing  on  the  general 
question,  for  example,  the  geological  formation,  denudation  of  hill 
slopes,  distribution  of  peat  on  steep  hill  slopes,  "cropping"  out  of 
spring  water,  surface  vegetation,  drainage  from  the  soil,  &c. 

Certain  differential    Conditions   of  the   several    ff'atenvorks  an<f 
Gathering  Areas  surveyed  in  their  relation  to  Plumbo-solvency. 

Under  this  heading  came  notes  as  to  the  situation  of  gathering 
grounds  in  relation  to  the  area  supplied  with  water. 

Capacity,  height  (above  sea-level),  depth,  area,  &c.  of  reser\'oirs. 

Different  modes  of  collecting,  storing  and  distributing  the  water. 

The  effect  of  mixing  waters  of  different  qualities  as  regards  lead. 

Size  of  drainage  areas. 

The  importance  of  taking  into  account  the  rainfall. 

Comparison  between  "  dry  weather  flow  *'  and  **  storm  water." 

Arrangements  for  excluding  "storm  water"  from  the  smaller 
feeding  streams. 

The  relations  of  spring  and  surface  waters. 

Notes  showing  that  the  ultimate  state  of  a  mixed  moorland  water 
d^nds  on  the  proportion  and  degree  of  acid  neutralising  ability  of  the 
spring  water,  in  relation  to  the  quantity  and  amount  of  acidity  of  the 
surface  penty  water. 
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Notes  on  the  artifidal  mixture  of  neutral  sprlug  water  with  acid 
peatj  water. 

Ezamplea  showing  that  dome  waterworks  supply  ditferent  places 
Within  their  area  of  supply  with  water  of  different  quality. 

Summary  of  Evidence  obtained  ai  the  actual  Dates  of  Survey  as  to  the 
•        Cotutitian  in  respect  of  Plumbo^sol  vent  Ability  of  untreated  Water 
derived  from  the  several  Gathering  Grounds  visited. 

Under  this  heading  came  notes  dealing  with  the  following  poiiits  : — 

Variation  in  the  quality  of  moorland  water,  according  to  the 
rainfall. 

Reaction  of  the  water  in  the  reservoirs  and  the  amount  of  the 
acidity. 

Reaction  of  the  streams  "  feeding  '*  the  reservoirs  with  water  and 
the  amount  of  the  acidity. 

Examples  of  waters  neutral  during  dry  weather  and  acid  during 
storms. 

Treatment  of  Water  adopted  at  certain  of  the  Jraterworks  surveyed^ 

and  its  Efficiency  in  removing  from  the  Water  Ability  to  dissolve 

Lead, 

Under  this  heading,  the  results  of  the  different  kinds  of ''  treatment  *' 

of  acid  waters  with  a  view  to  removing  their  plumho-solvent  ability 

adopted     by    the     different     waterworks     surveyed     were     carefully 

considered. 

Diagrams  illustrating  the  Chemical  Results  obtained  from  the 
above  Surveys. 

Under  this  heading  diagrams  are  given  showing  that  neutral  watei*s 
are  free  from  solvent  action  on  lead,  and  acid  waters  are  possessed  of 
plnmbo-solvent  ability  to  an  extent  dependent  chiefly  on  the  amount  of 
acid.  Further,  that  the  neutral  waters  chiefly  correspond  to  spring 
waters  and  the  acid  waters  to  peaty  waters. 

At  the  end  of  the  volume  certain  conclusions  were  set  out  as 
follows : — 

1.  The  history  of  epidemics  of  lead  poisoning  due  to  water  supply, 
at  all  events  in  the  noith  of  England,  clearly  shows  that  tho 
towns  which  have  suffered  in  the  past  derived  their  water  supply 
from  moorland  sources.  In  some  cases  the  water  was  known  to 
be  acid,  and  in  others  there  was  every  reason  to  infer  that  the 
water  was  in  a  similar  condition,  since  the  physical  circumstances 
of  the  gathering  ground  were  the  same. 

For  example,  Sheffield  has  a  "  high  "  and  a  **  low  "  level  supply. 
Lead  poisoning  occurred  chiefly  if  not  entirely  amongst  the 
consumers  of  the  **  high-level "  supply.  This  water  was  proved 
to  be  acid,  whereas  the  **  low-level "  supply  was  found  to  be 
neutral.  The  "  high-level "  water  was  treated  with  lime  which 
neutralised  the  acidity,  and  lead  poisoning  was  no  longer  observed. 
Both  supplies  were  derived  from  upland  gathering  grounds,  but 
the  ''  high-level "  supply  was  rich  in  acid  peaty  water,  and  con- 
tained very  little  spring  water,  whereas  the  **  low-level "  supply 
containetl  a  much  larger  proportion  of  neutral  spring  water  and 
very  little  peaty  water. 

Similarly  Mossley  suffei^d  from  lead  pcHsoning  in  1898.  Dr. 
Copeman  in  his  report  to  the  Board  showed  conclusively  that 
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lead  poisoning  was  prevalent  only  in  those  difltricts  8upplie<l 
with  acid  water  from  Lower  Swineshaw  reservoir,  and  that 
when  the  neutral  water  from  Brushes  reservoir  and  from  the 
Greenfield  Valley  (springs)  was  supplied  to  the  inhabitants  there 
was  no  lead  poisoning.  Mossley  was  kept  under  observation 
for  a  considerable  period.  Not  only  was  the  water  in  Lower 
Swineshaw  reservoir  found  to  be  acid,  but  the  water  as  delivered 
to  Mossley  was  also  found  to  be  habitually  acid  and  possessed 
of  plumbo-solvent  ability.  In  December  1894,  '^ treatment" 
of  the  water  wns  commenced,  lime  being  added  to  the  water 
in  Lower  Swineshaw  reservoir.  Gradually  the  effect  of  the 
''treatment"  showed  itself  in  Mossley,  and  eventually  the 
water  became  practically  neutral  and  free  from  plumbo-solvency. 
Coincident  with  this  change  in  the  quality  of  the  water  lead 
poisoning  was  no  longer  complained  of.  On  September  25th, 
1895,  a  visit  was  paid  to  Mossley,  and  the  water  in  Lower 
Swineshaw  reservoir  tested.  It  was  found  to  be  practically 
neutral  and  free  from  plumbo-solvent  abilit}'. 

2.  Moorland  gathering  grounds  are    usually    rich    in    peat.     The 

amount  of  peat  varies  greatly  on  different  gathering  grounds, 
both  superficially  and  in  depth. 

3.  Moist  peat  ha.s  been  found  to  be  invariably  acid  in  reaction. 

4.  The  water  draining  from  peat  is  always  acid.     The  amount  of 

acidity  depends  chiefly  on  the  amount  of  peat  and  the  length  of 
time  the  water  has  been  in  contact  with  it. 

5.  Acid  peaty  water  dissolves  lead. 

6.  The  degree  of  plumbo-solvency  of  a  water  is  chiefly  governed  by 

the  amount  of  its  acidity. 

7.  Moorland  spring  water  is  neutral  and  often  possessed  of  slight 

acid-neutralising  ability.  In  virtue  of  this  property  spring  water 
is  commonly  capable  of  neutralising  a  certain  pit>portion  of  acid 
peaty  water. 

8.  Neutral  water  does  not  dissolve  lead  to  any  appreciable  extent. 

9.  Moorland  waters,  as  received  into  storage  or  service  reservoirs, 

usually  contain  a  mixture  in  variable  amount  of  acid  peaty  water 
and  neutral  spring  water.  The  reaction  of  the  "  mixed  "  water 
at  any  given  time  is  determined  by  the  relative  amount  of  peaty 
water,  and  the  degree  of  its  acidity,  on  the  one  hand,  and  by  the 
relative  amount  of  spring  water,  and  the  degree  of  its  acid 
neutralising  ability  on  the  other. 

10.  Bain-water  is  usually  neutral,  but  on  some  gathoiing  grounds  it  is 

slightly  acid.  Such  acidity,  however,  is  quite  insufficient  to 
account  for  the  acidity  of  moorland  waters. 

11.  Water  draining  from  rock  rich   in  iron  pyrites  may  be  acid  and 

act  on  lead.  This,  however,  is  not  seemingly  a  common  cause 
of  acidity  of  moorland  waters. 

12.  During  dry  weather,  and  especially  at  the  end  of  a  period  of  dry 

weather,  the  water  in  moorland  streams  is  almost  invariably 
neutral  and  free  from  plumbo-solvent  ability, 

13.  During  dry  weather  the   water  in  moorland   streams  is  chiefly 

composed  of  spring  water :  during  wet  weather  the  water  consists 
chiefly  of  sui-face  water  draining  from  peaty  soil. 

14.  During    storms  the   water  in   moorland  streams  is  usually  very 

acid  and  acts  strongly  on  lead.  Especially  is  this  the  case  when 
the  wet  weather  succeeds  a  period  of  drought,  as  then  the  streams 
contain  the  **  tirst  washings  "  of  the  peat. 
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15.  On  most  moorland  gathering  grounds  there  are  areata  (particularly 
on  the  higher  and  flatter  portions  of  the  gathering  grounds) 
where  the  rain  stiignates  in  peatj,  boggy,  and  marshy  places. 
Such  water  has  always  been  found  to  be  acid  in  reaction. 

16.  On  many  gathering  grounds  a  layer  of  impervious  marl  underlies 

the  beds  of  peat.  This  prevents  the  escape  of  the  rain  in  a  down- 
ward dii'ection,  and  so  the  water  is  **  held  "  in  the  peat,  or  escapes 
only  by  slow  lateral  {)ercolation.  Thus  the  peat  is  always  moist, 
and  each  successive  rainfall  washes  out  of  the  peat  substances 
formed  during  the  more  or  less  prolonged  contact  of  the  water 
with  the  peat,  rendering  the  water  considerably  acid. 

17.  The  "dry  weather  flow  "  on  most  moorland  gathering  grounds  is 

very  small,  and  is  usually  quite  inadequate  to  meet  the  require- 
ments of  the  town  or  towns  supplied  with  water. 

18.  In  such  cases,  during  a  period  of  drought,  the  water  iu  the  im- 

pounding reservoirs  sinks  rapidly  to  a  very  low  level. 

19.  When  heavy  rain  comes  after  drought,  millions  of  gallons  of  acid 

peaty  water  are  frequently  allowed  to  enter  the  waterworks. 
Indeed  the  storage  reservoirs  aro  constructed  for  this  very 
purpose,  namely,  to  store  for  future  consumption  a  vast  bulk  of 
**  stoim  **  water,  the  ordinary  flow  of  the  streams  being  far  too 
small  to  keep  the  reservoirs  at  their  proper  level. 

20.  Thus  it  not  unfrequently  happens  that,   during  dry  weather,  a 

reservoir  water  is  strongly  acid,  while  all  or  nearly  all  the 
**  inlet "  streams  contain  neutral  water.  In  storm  time,  however, 
these  streams  contain  not  only  acid  water,  but  the  water  in 
them  is  usually  more  acid  than  the  r<»i>ervoir  water  itself. 

21.  Although  large  quantities  of  peat  are   frequently    washed   into 

reservoirs,  and  although  the  bed  of  some  reservoirs  is  largely 
composed  of  peat,  the  acidity  of  the  water  in  moorland  reservoirs 
is  not  to  be  traced,  or  only  in  small  measure,  to  this  ciroum- 
stance,  but  to  the  ingress  of  large  quantities  of  acid  water  during 
storms.  No  doubt,  however,  the  peat  washed  into  the  reservoirs 
and  the  peat  in  the  bed  of  the  reservoirs  assists  in  *'  keeping  " 
the  water  acid.  Laboratory  experiments  seem  to  prove  that 
an  acid  peaty  water  stored  out  of  contact  with  peat  does  not 
increase  in  acidity,  but  tends  to  lose  some  of  its  original  acidity. 

22.  While   the   cause    of  plu mho- solvency   is  to  be   traced  to    the 

presence  of  acid  in  the  water,  and  the  source  of  the  acid  to  con- 
tact with  peat,  the  antecedent  cause  of  the  acidity  of  moorland 
waters  seems  to  be  associated,  at  all  events  in  part,  with  the 
presence  of  acid  producing  bacteria  in  the  peat  itself. 

23.  Certain  microbes  isolated  from  peat  possess  the  power  of  rendering 

by  their  growth  a  sterile  neutral  decoction  made  solely  from 
peat  both  acid  and  posi(e>sed  of  plunibo  solveney. 

24.  Acid  peaty  waters  have  the  power  of  dissolving  not  only  bright 

lead,  but  old  coated  lead,  and  the  action  i^  a  very  rapid  one. 

25.  Neutral  waters  do  not  dissolve  lead  to  any  appreciable  extent, 

but  they  sometimes  act  on  bright  lead  by  eating  away  the 
surface  of  the  metal  in  the  presence  of  dissolved  oxygen 
("erosion  "). 

26.  The  power  of  **ero<ling"  lead  is  an  inherent  property  of  water 

containing  dissolve<l  oxygen.  All  waters  do  not  ''erode "lead 
because  most  of  them  contain  substances  which  coat  the  bright 
surface  of  the  metal  a: id  so  prevent  any  further  action  taking 
place. 
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of  lead).  This  compound  as  it  is  formed  tends  to  fall  away  from  the 
surface  of  the  metal,  thus  leaving  a  fresh  exposed  surface  ready  for 
further  actio  a  ;  and  hence  it  follows  that  erosion  is  apt  to  be  proii^ressive 
in  character  and  correspondingly  dangerous.  As  a  matter  of  fact  there 
are  two  circumstances  whiuh  in  practice  tend  to  retard  or  prevent 
waters  from  exercising  this  seemingly  inherent  property  of  erosion  of 
lead.  One  of  these  is  the  fact  that  the  metal,  by  exposure  to  the  air 
and  contact  with  various  substances,  acquires  in  a  natural  manner  h 
protective  coating ;  and  the  other  is  that  most  waters  dissolve  in  their 
passage  through  or  over  the  soil  a  certain  proportion  of  various  salts 
which  tend  to  inhibit,  or  altogether  to  prevent,  erosion,  and  this  in  an 
indirect  manner,  namely,  by  acting  on  the  bright  surface  of  the  metal 
so  us  to  form  an  adherent  outside  layer  of  a  relatively  insoluble  kind. 
It  thus  happens  in  practice  that  lead  is  apt  before  it  is  brought  into 
contact  with  water  to  have  acquired  a  natural  coating.  Most  waters 
contain  substances  which  do  not  really  destroy  erosive  ability,  but 
shield  the  hurface  of  the  metal,  and  thus  restrain  or  prevent  entirely 
the  exercise  of  this  dangerous  propeity.  It  is  important,  in  considering 
this  question  of  erosion,  to  bear  in  mind  the  tentative  conception  of  all 
waters  being  possessed  intrinsically  of  erosive  ability,  and  that  the  fact 
that  most  waters  do  not  display  this  attribute  is  to  be  ascribed  to  the 
presence  in  them  of  substances  indirectly  antagonistic  to  the  exercise 
of  the  property  of  eix>sion  in  that  they  shield  the  surface  of  the  metal 
with  a  protective  coating.  In  this  view  of  the  ca^e,  all  waters  are 
potentially  erosive  waters :  some  waters  are  so  in  reality,  whilst  the 
majority  are  prevented  from  displaying  erosive  ability  by  the  presence 
in  them,  in  greater  or  less  amount,  of  <'  plumbo-protective  "  substances. 
This  leads  to  the  consideration  of  substances  of  which  the  presence,  in 
greater  or  less  amount,  determines  whether  a  water  is  '*  remote  Irom  '' 
or ''near  to"  the  possession  of  erosive  ability.  Moorland  waters  are 
apt  to  erode  lead,  or  to  be  near  the  possession  of  erosive  ability,  because 
they  represent  surface  water,  which  is  chiefly  derived  from  the  peat 
without  coming  into  prolonged  contact  with  soil,  and  thereby  with  the 
''plumbo-protective"  substances  to  which  allusion  has  just  been  made. 
Erosion  to  any  marked  extent  can  seemingly  only  take  place  when  the 
lead  is  bright.  But  it  is  easy  to  conceive  that  the  presence  of  an 
imperfect  coating  or  some  superadded  condition,  possibly  of  a  temporary 
character,  which  tends  to  remove  or  dissolve  away  a  pre-existing 
coating;  or  some  factor  which  continuously  operates  against  the 
beneficial  influence  of  the  plumbo-protective  substances ;  or  the  existence 
of  an  abnormal  length  of  lead  service  pipe  may,  separately  or  conjointly, 
tend  to  render  an  apparently  negligible  element  of  danger  real  and 
tangible.  It  must  always  be  remembered  that  lead  is  an  insidious  and 
cumulative  poison,  which  may  be  operative  in  connexion  with  water 
supply  ouly  by  reason  of  the  minuteness  of  the  poisonous  dose  or  the 
idiosyncrasy  perchance  of  the  individual,  or  the  length  of  time  of  its 
ingestion.  All  these  are  points  which  must  needs  be  borne  in  mind, 
lest  the  broad  generalisations  which  have  been  or  will  be  made  should 
not  be  interpreted  in  a  judicious  manner,  but  be  narrowed  down  as 
applicable  to  each  and  every  case  of  water  service.  Thus  waters  in 
general  ei-ode  lead  only  when  the  surface  of  the  metal  is  brighi ;  neutral 
moorland  waters  are  naturally  non-erosive  in  cliaracter,  although  they 
may  tend  to  be  near  the  possession  of  this  ability  ;  add  moorland  water 
may  or  may  not  possess  erosive  ability  associated  with  plumbo-solvency  ; 
pure  rain-water,  snow-water,  and  neutral  distilled  water  commonly  erode 
lead  in  vigorous  fashion ;  and  natural  waters,  other  than  rain  or  moorland 
water,  do  not  usually  possess  ability  to  ero<le  lead.  These  statements, 
therefore,  must  not  l)e  interpretetl  in  tuo  litertd  a  sense,  but  taken  as  of 
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relative  value  only,  and  as  foanded  on  experiments  conducted  under 
laboratory  conditions. 

As  exemplifying  some  of  the  points  about  to  be  dealt  with  in  detail, 
as  well  as  those  that  have  just  been  considered,  it  will  not  be  out  of 
place  to  quote  from  Mr.  Power's  report  as  follows : — 

"  Pure  Rain-water  and  pure  Snow-wcUer, — ^These  were  always 
found  neutral  in  reaction,  and  none  of  the  samples  examined 
dissolved  lead.  All  of  them,  however,  eroded  lead  very  vigorously 
under  laboratory  conditions. 

"  Distilled  Water, — A  large  number  of  observations  showed 
that  samples  of  '  acid  '  freshly-distilled  water  possessed  great  lead- 
dissolving  power,  but  no  power  at  all  of  eroding  this  metal.  On 
the  other  hand,  distilled  water  that  was  '  neutral '  in  reaction  had 
practically  no  ability  to  dissolve  lead,  though  it  eroded  the  metal 
vigorously,  and  in  sustained  fashion. 

"  Moorland  Waters, — Moorland  waters  that  are  acid  invariably 
possess  ability  to  dissolve  lead.  At  the  same  time  they  may,  or 
they  may  not,  erode  this  metal.  Many  moorland  waters  which 
dissolve  lead  to  a  considerable  extent  possess,  in  regard  of  this 
metal,  no  conspicuous  erosive  power.  Other  moorland  waters 
both  dissolve  and  erode  lead  in  very  decided  fashion.  Moorland 
peiU  waters  are  all,  it  would  beem^  not  far  removed  from  possesaion 
of  the  one  or  the  other  property,  or  of  both  properties. 

^  On  the  other  hand  moorland  spring  waters  are  usually  free 
from  ability  to  dissolve  or  to  erode  lead.  Such  waters,  indeed, 
when  in  admixture  with  peat  water,  are  capable  of  lessening  or  of 
inhibiting  action  of  the  latter  on  lead. 

^^  Natural  Waters  other  than  Rain  or  Moorland  Waters, — 
Such  waters  (particularly  those  that  have  much  temporary  haixl 
neBs)  do  not,  as  a  rule,  possess  ability  to  dissolve  or  to  erode  lead. 
Many  can,  indeed,  be  experimentally  shown  to  be  remote  from 
possession  of  either  propei-ty ;  moreover,  addition,  even  in  small 
amount,  of  a  '  hard  '  water  to  distilled  water,  or  to  acid  moorland 
waters  may,  and  usually  does,  remove  from  them  ability  to  dissolve 
or  to  erode  lead." 

Befoi-e  dealing  with  the  results  of  the  experiments  on  erosion,  it  is 
necewary  to  describe  in  some  detail  the  method  adopted. 

Method  of  Testing  Waters  as  regards  Erosion  of  Lead. 

After  a  variety  of  methods  had  been  tried,  and  found  open  to 
objection,  the  following  new  plan  was  adopted.  Sheet  lead  was  cut 
into  strips,  usually  about  1  foot  long  and  alwajs  \  inch  wide.  One  of 
these  strips  was  laid  on  a  flat  piece  of  hard  wood  having  an  even 
surface.  A  tool  (see  ¥\^,  1,  Plate  I.),  which  is  employed  by  plumbers  in 
connection  with  their  work,  was  used  to  obtain  a  clean-cut  surface. 
The  cutting  ed^e  of  the  tool  was  pressed  on  the  lead  some  few  inches 
fcom  the  end  of  the  strip,  and  then  drawn  firmly  towards  the  operator 
along  the  surface  of  the  metal.  This  operation  repeated  several  times 
left  a  beautifully  clean-cut  surface,  the  coated  lead  being  %9  it  wove 
sliaved  off.  The  strip  was  then  turned  over,  and  the  side  which  had 
previously  rested  on  the  wood  treated  in  exactly  the  same  manner. 
The  clean  portion  of  the  strip  was  then  cut  transversely,  at  intervals  of 
1  inch,  thus  yielding  pieces  of  bright  lead  (1  inch  by  \  inch)  free 
from  adherinj?  particles.  A  piece  of  this  bright  sheet  lead  was  next 
dropped  carefuliy  into  u  test  tube  (6  inches  by  \  inch)  and  10  c.c.  of  the 
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water  to  be  tested  added ;  this  atnoant  was  more  than  sufficient  to  cover 
the  metal.  The  experiment  was  then  watched  at  intervals.  In  the 
case  of  most  neutral  distilled  waters  an  alntbst  ini mediate  effect  was 
usually  noted,  namely,  a  milkiness,  which  (milky  looking  compound), 
although  formed  in  the  immediate  vicinity  of  the  metallic  surface,  soon 
became  diffused  throughout  the  liquid  and  later  accumulated  as  a  snow- 
white  la^er  at  the  foot  of  the  tube.  The  action  was  always  more  or 
less  '  progressive  in  character,  and  the  lead  either  remained  bright 
throughout  the  progress  of  the  experiment  or  was  partially  coated  over 
with  H  loosely  adherent  crystalline  layer,  which  continued  to  fall  away 
in  flake-like  manner.  Taking  the  opposite  extreme,  namely,  a  '*  liard  '* 
natural  water,  the  result  was  very  different,  since  the  bright  surface  of 
the.  metal  was  observed  to  become  rapidly  coated  over  with  a  protective 
bluish-whitp,  dull -looking  film,  and  the  water  remained  quite  transparent, 
there  being  no  trace  of  milkiness.  In  such  a  case  it  was  found  that 
the  newly-coated  lead  could  be  removed  and  fresh,  bright  lead  introduced, 
and  that  the  fresh  lead  added  became  coated  in  the  same  way,  and  that 
this  renewal  of  the  lead  could  be  effected  time  after  time  for  a  prolonged 
period  without  exhausting  the  "plumbo-protective"  abilities  of  the  water. 
This  gave  rise  to  the  plan  of  renewing  the  lead  from  time  t6  time  to 
measure,  in  the  case  of  a  non-erosive  water,  how  near  such  a  water  was 
to  the  possession  of  this  property  of  erosion.  And  as  a  result  it  was 
found  that,  although  many  moorland  waters  just  failed  to  erode  lead,  the 
degree  of  their  plumbo-protective  ability  was  of  the  feeblest  kind,  since 
one  or  two  renewals  of  the  lead  su^ced  to  exhaust  the  protecting 
substances,  and  to  allow  the  water  to  exert  its  inherent  property  of 
erosion  in  vigorous  fashion.  Such  waters  have  been  classed  as  "  near 
the  possession  of  erosive  ability."  Another  method  of  observing  ex- 
perimentally the  same  phenomenon  was  employed  as  an  alternative. 
Bere  the  moorland  water  was  mixed  with  a  certain  proportion  (usually 
an  equal  part)  of  a  distilled  water  known  to  be  possessed  of  erosive 
ability,  and  the  effect  watched.  Usually,  in  such  cases,  the  plumbo-pro- 
tective substances  in  the  moorland  water  were  so  diluted  that  they  were 
unable  to  restrain  erosion  from  taking  place.  Several  experiments  carried 
out  with  "hard"  waters  showed  that  much  greater  dilutions  with  distilled 
water  had  no  power  to  prevent  the  plumbo-protective  substance  from 
still  coating  the  lead  with  a  firmly  adherent  film,  which  prevented 
altogether  erosion  from  taking  place.  So  far  distilled  water  has  been 
taken  as  the  tjrpe  of  an  erosive  water ;  but  of  conree  many  moorlaod 
waters  possess  this  property  also  in  marked  degree,  without  any 
preliminary  renewal  of  the  lead  being  required.  But  usually  the 
action  with  moorland  waters  is  more  slowly  developed  and  there  is 
commonly  produced  first  a  sort  of  imperfect  coat  on  the  lead  which 
tends  to  fall  away  in  places,  thus  leaving  patches  open  to  the  erosive 
actioi^  of  the  water.  Erosion,  when  present,  is  usually  so  pronounced 
as  to  be  clearly  and  unmistakably  visible  to  the  eye.  In  testing  the 
amount  of  lead  compound  thus  formed  the  following  plan  wan  adopted. 
A  bent  platinum  needle  was  .Msed  to  draw  put  the  piece  of  lead,  then 
acid  was  added  to  the  contents  of  the  tube ;  after  shaking  for  some 
time,  a  quantity  of  .the  liquid  was  withdrawn  by  .means  of  a  pipette,  and* 
after  dilution  with  distilled  water  to  a  conyenient  volume,  titrated  with 
a  standard  solution  of  lead  acetate,  ammonium  sulphide  solution  being 
used  as  an  indicator.  The  total  lead  salt  produced  waa  determined, 
and  so  the  lead  in  solution  is  included  in  all  the  figures  given  in  the 
tables  dealing  with  erosion..  But  when  erosion  takes  pla^  the  action 
is  commonly  so  vigorous,  and  the  amount  of  insoluble  lead  compound 
formed  so  ^eat,  that  the  small  amount  of  lead  held  in  solution  by  a 
naturally  acid  water  may  reiksoiiably  bu*  i^^noritjd. 
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Different  Waters  considered  in  Kegard  of  their  Erobitb 

Ability. 

(a,) — Pure  Bain-water  atid  pure  Snow-water, 

The  dangerous  qualities  of  rain-water,  as  regards  action  on  lead,  have 
for  long  been  recognised  ;  but  their  manner  of  action  in  everj  case  has 
not  always  been  so  well  understood.  Bain-water  under  ordinary  con- 
ditions is  neutral,  and  therefore  cannot  dissolve  lead  to  any  marked 
extent;  but  being  free,  or  relatively  so,  from  *•  plumbo-protective " 
substances,  its  erosive  action  is  usually  extremely  well  marked. 
Some  samples  of  rain-water,  however,  collected  on  high  moorlands  in 
the  neighbourhood  of  manufacturing  districts,  may  show,  on  testing, 
traces  of  add,  and  such  waters  undoubtedly  are  possessed  of  slight 
plumbo-solvent  ability.  They  may,  and  indeed  commonly  do,  erode 
lead  as  well ;  alUiough  sometimes  the  presence  of  the  acid  seems  to  offer 
at  the  commencement  to  the  lead  a  measure  of  protection  and  to  inhibit 
erosion  from  taking  place  as  quickly  as  it  otherwise  would  do.  In  the 
following  table  (Table  I.)  the  action  of  pure  rain-water  and  pure  snow- 
water on  lead  is  shown.* 

Table  I. 

Showing   the  Action,  as  regards  Erosion   of  Lead,  of   Rain   and 

Snow  Water. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^'')  completely 
submerged.] 


No. 


Bescription  of  Experiment. 


Reaoticn. 


Remarks. 


Total 
Lead  Ball 


(parti 
100," 


rtiper 


Aogntl  Snd,  1804.     10  e.0.  rain  !  Neutral 
water,  (a)  collected  from  roof  i 
and  (o)  directly  collected,  in  test  ' 
tabes  with  lead  Ix^'.    (Plate  i 
Vlll.)  1 

Angust  Srd«  18M.    10  c.c  rain     Neutral 
water  collected  from  roof,  in 
test  tube  with  lead  Ix^''. 


August  8th,  1804.  10  cc.  rain 
water,  (a)  collected  from  roof 
and  (6)  directly  collected,  in 
test  tube  with  lead  1  x  k".  (Plate 
VIII.) 


August  15th,  1804.  10  C.C.  rain 
water,  collected  from  roof,  in 
teat  tube  with  lead  Ix^'. 

August  17th,  1804.  10  c.c.  rain 
water,  collected  from  roof,  in 
test  tube  with  lead  1  x  V'. 

August  18th,  1804.  10  c.c.  rain 
water,  collected  from  roof,  in 
test  tube  with  Jead  1  x  k"^ 


January  14th,  18BS.  10  c.c.  melted 
snow,  in  test  tube  with  lead 
Ixr. 


January  SSth,  1805.  (a)  10  o.c 
melted  snow,  in  test  tube  with 
leadlxV.    (Plate  VII.) 

(ft)  Ditto. 


Neutral 

Neutral 
Neutral 
Neutral 

Noutral 

Neutral 


Action  commenced  at 
once,  and  was  progres- 
sive in  character,  but 
more  decided  in  (6) 
than  (a). 

Action  commeuced  at 
onse,  and  was  progres- 
sive in  character,  but 
not  80  decided  as  in  (6). 
Experiment  I. 

Action  commenced  at 
once,  and  was  progres- 
sive in  character,  but 
more  decided  in  (b) 
than  (a), 

111  (a)  lead  was  partially 

Action  commenced  at 
once,  and  was  progres- 
sive in  character. 

Action  commenced  at 
once,  and  was  progres- 
sive m  character. 

Action  commenced  at 
once,  and  was  progres- 
sive in  character;  not 
so  pronounced  as  in 
Experiments  4  and  5. 

Action  commenced  almost 
immediately,  and  was 
progressive  m  character. 

January  15th,  1890.  Lead 
removed,and  acid  added. 

Action  commenced  at 
once,  and  was  progres- 
sive in  character. 

February  1st,  1896.  Lead 
removed,  and  acid  added. 


No 
record. 


17-0 


(a)  SO'O 


(b)  800 


*  Plate  yiL,  Fig.  10,  and  Plate  YIIL,  Fig.  U  (a)  and  (6). 
•    9S614.  B 
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It  will  be  seen  that  all  the  waters  experimented  with  were  neutral  in 
reaction  and  possessed  of  conspicuous  erosive  power.  The  table  does 
not  show  that  the  waters  were  free  from  plum  bo-solvent  abilitj,  but 
taking  a  line  through  the  distilled  water  experiments,  when  a  neutral 
condition  was  practically  always  associated  with  marked  erosion  and 
little  or  no  plumbo-solvency,  and  an  acid  condition  with  plumbo-solvency 
with  or  without  accompanjing  erosion,  the  absence  of  plumbo-solvent 
ability  may  almost  be  infen*ed  with  safety.  Although  the  attribute  of 
erosion  is  being  here  considered,  it  is  convenient  at  this  stage  to  include 
Table  U. 

Table  II. 

Showing  the  Rbsult,  as  regards  Acidity  and  Action  on  Lead,  of  certain 
Experiments  with  Bain-wateb  collected  from  Moorland  Gathering  Grounds. 


Description  of  the 
■ample  of  Ram- 
water. 

(All  the  aamples 
were  collected 
bv  means  of  a 
Kian  fhnnel  and 
glaoa  bottle 
placed  in  such 
a  position  as  to 
avoid  splashings 
from  the  peat.> 


Be 

action 

with 

Lacmoid. 


Acidity 

in  Terms 

of  cc 

*oNa,CO. 

required 
to 

neutralise 
100  ox. 
of  the 
Water. 


Plnmbo-solTent  abilitv  (Results  stated  as 
parts  per  100,000).  The  action  on  Lead  was 
tested^by  upward  filtration  through  60  c.c. 
washed  Lead  Shot  at  the  rate  of  8  roins. 
per  60  0.0. 


Ist       ted 
60  cc.   50  cc. 


8rd    '     4th         6th      Av«nure 
60  CC.   60  cc.   50  cc   ^^"««' 


'  Erosion  "  Experi- 
ments. 10  CjC  of 
the  rain-water  were 
pisced  in  n  test 
tube  with  bright 
sht«t  lead  lx\ . 
After  some  tame 
the  piece  at  lesd 
wa^  xvmoved«  add 
added  to  the  con- 
tents of  the  tube, 
and  the  amnont 
of  lead  estimated. 
Results  stated  as 
parte  per  lOO.OOO. 


Majr  4th.  1896. 
Rain  •  water 
collected  on 
Blackmoorfoct 
gat  her ing 
ground.  Hud- 
dersfleld  Cor- 
poration Water- 
works. 


June  88th,  1896. 
Riun-water  col- 
lected from  the 
moorland  gath- 
ering grounds 
of  Oldham  Cor- 
poration Water- 
works. 


June  4th.  1896. 
Rain-water  col- 
lected on  Black- 
moorfoot  gather- 
ing ground.  Hud- 
dersfield  Cor- 
poration Water- 
works. 


June  17th.  1896. 
Same  as  in 
Experiment  S. 


July  80th,  1896. 
Same  as  in 
Experiment  8. 


August  Srd,  1896. 
Same  as  in  Ex- 
periment 2. 


Acid 


0-30 


0-1 


0-8        0-8 


0*8        0*4 


Acid 


Neutral 

or  f  faint 

trace 

acid. 


Nentral 

or  f  faint 

trace 

acid. 


Traces 
acid. 


Acid 


0-80 


0-1 


Traces 


Traces 


Traces 


0-24 


0-1 


0-2 


0-8 


May  4th,  two  parallel 
experiments  a  and 
6.  Treated  May  19th. 
^  "  Erosion  - 
very  mar- 
ked. 


a=60-ot  * 
6=60-0j 


0-16 


Jane  88th.two  paralld 

experimenti,  a  sod 

6.  Tested  July  80th. 

1886. 

a=;90-0)  *  Erosion  " 

6=90*0)  very  great. 


Traces. 


PTraces 


f  Tiaoes 


0-1 


0-4        0-4 


0-4 


June  17th,two  parallel 
experiments,  a  and 
6.TV»tedJniie2nfa. 
1896. 

"  Erosion ' 
eiy  mar* 

July  80th.  two  ex- 
periments, a  and  ft. 
Tested  August  Snt 
1896.  I 

a=12-6^  "Erosion'* 
6=18*5  i    distinct. 


0-3* 
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gHHfaiuiel  and 
BlM»^  bottle 
plaoed  in  niofa 
a  podtioii  u  to 
avoid  splMhuia 
Crom  tfie  peat.) 


Acidity 

inTernu, 

of  0.0. 

roqniml 

netttnlise 
100  0.0. 
of  the 
Water. 
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Plumbo  solvent  ability  (Kesultii  stated  as 
parts  per  100,000).  The  action  on  Lead  was 
tested  by  upward  filtration  through  SO  c.c. 
washed  Lead  Shot  at  the  rate  of  8  minM. 
per  BO  C4}. 


1st 
60  CO. 


find 
50O.O. 


Srd 
60  CO. 


4th 
60O.C. 


6th 
60  CO. 


Average.] 


I 


"  Brosion ' '  Bzperi- 
iiients.  10  CO.  of 
the  rain-water  were 
placed  in  test  tube 
with  bright  sheet 
lead  Ixf '.  After 
Nome  time  the  piece 
of  lead  wss  re- 
moved, acid  added 
to  the  contents  of 
the  tube,  and  .the 
amount  of  lead  esti- 
mated, fiesults 
stated  w*  parts  per 
100,000. 


1 11th.  1806. 
I  as  in  Bz- 
perimentS. 


8  October  9th,  1896, 
Same  as  in  Rx- 
perimentS. 


9  .  Xof  ember      Srd, 
188&  Bsmo  as  in 
I     KzperimentS. 

I 

10    November      13th, 
I     189&,  Same  as  in 
Szpsriment  2. 


U  ■  December  10th. 
1896.  Same  aa  in 
Bzperiment  2. 


12  December  96th. 
t  laeeL  Sameasm 
!      Ezpernnent  8. 


U    Jammy  1Mb,  1807. 
I     Samaras  inXx- 


14  Febn]ai7l3th,1807. 
Same  as  in  Ex- 
perimeott. 


U    Match  ted.  1807. 
I     aameas  inBx. 
parimentS. 


PTraoe 
acid. 


Trace 
acid. 


Trace 


Acid 


Slightly 


Add 


Veiy 
add. 


Add 


?  Trace 
acid. 


0*18 


018 


P  Traces. 


01 


0-2 


0-36  0*4 


0*80 


0*24 


0-24 


0-86 


0*2        0*2 


0*1 


0*2 


0*2 


0-2 


0-4 


0-1 


0-2 


0-2 


0*2 


0*2 


0-2 


OS 


0  20 


0*2    I      0*20 


0-4        0*4 


0*1 


0*2 


0*2 


01 


0*2 


0*2 


01 


0*2 


0-2 


0-10 


0*10 


0*20 


0*20 


0*6        0*6        0*6        0*6        0*6  0*60 

The  water  was  cloudy  in  appearance,  and 

there  was  a  considerable  sediment.    The 

plumbo-snlvent   abilitv  was  difDcult  to 

estimate. 


0*24  0*2        0*8 


0'4 


0*4        0*4 


0*S4 


'°j.^LS**  ■WPf^  *h«  "»*«'  WM  more  or  less  turbid,  there  being  s  oonsiderablo 
aepont.  and  the  testing  for  acidity  and  plumbo-aolveut  ability  was  often  very 

'**•  ■■"l?^  5«re  said  to  be  collected  in  such  a  wfty  as  seemingly  <o  prevent  the 
possibihtyofsplaahingsfh>mthepeat. 


October  Mh,  two 
parallel  ezperi- 
meiits,  a  and  6. 
Tested  November 
6th,  1890. 
ar=70-0)  Marked 
6 =70*0 i  '•  erosion." 

November  Srd,  two 
experiments,  a  and 
6.    Tested  Novem- 
ber 11th,  1890. 
a=lJi*6^  "  Erosion" 
6=12*6  J    distinct. 

November  ISth,  two 
parallel  experi- 
ments, a  and  6 
Tested  December 
10th,  1896. 
a=90*0)  -Erodon  " 
6=90*0i  very  greet. 

December  10th,  two 
parallel  exneri- 
raents,  a  ana  6. 
Tested  December 
26th.  1896. 
a=a00>  "Erosion" 
6=30'0i    distinct. 

December  26th,  two 
parallel  ezperi- 
nivnts,  a  and  6. 
Tested  January 
16th.  1897. 
a=SO*0)  "Erosion" 
6=30*0 ;    distinct. 

January  16th,  two 
pamOel  exneri- 
ments.  a  and  6. 
Tested  February 
14tb,  1897. 
a=60*0)  ''Brodon" 
6=60*0/  very  great. 

Ffbruazy  18th,  two 
parallel  experi- 
ments, a  and  6. 
Tested  March  2nd. 
1887. 
0=60*0  >  "Brosion" 
6=60*0  i  very  great. 

March  2nd,  1897,  two 
parallel  experi- 
ment?i.  a  and  6. 
Tested  March  24th, 
1897. 
a=40*0)  "Brodon" 
6=40*0 i  very  great. 
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It  will  be  noted  that  the  rain-water  was  collected  in  glass  funnels  and 
glass  bottles  placed  in  such  a  position  as  to  avoid  splashing*  from  the 
peat  and  on  high  moorland  gatiiering  grounds  in  the  neighbourhood  of 
manufacturing  cities.  Here  the  rain-water  was  usually  found  to  be 
faintly  acid  and  to  dissolye  lead  to  a  slight  but  appreciable  extent.  It 
must  be  understood,  however,  that  the  acidity  and  plumbo-solvent 
ability  of  the  water  were  never  so  marked  as  to  offer  any  adequate 
explanation  of  the  acidity  and  plumbo-solvent  ability  observed  in  the 
case  of  most  moorland  peaty  waters.  The  same  samples  of  rain-water 
also  eroded  lead  in  vigorous  fashion,  although  it  was  not  uncommonly 
noticed  that  the  presence  of  the  acid  seemed  at  first  to  inhibit  this 
property. 


(6.) — Distilled  Water  with  and  without  addition  of  various 
Chemical  Substances. 

The  records  under  this  heading  are  very  numerous,  and  although  it 
is  proposed  to  let  the  various  tables  tell  as  fai*  as  possible  their  own  tale, 
some  explanatory  statement  must  first  be  made.  So  varied  and  con- 
tradictory were  the  opinions  expressed  on  the  subject  of  the  action  of 
distilled  water  on  lead  that  it  was  deemed  desirable  at  the  start  of  the 
investigation  to  begin,  as  it  were,  at  the  very  beginning,  and  study 
the  subject  unhampered  by  attention  to  any  preconceived  theories. 
Accordingly  a  water  was  chosen  (Settle  water,  a  hard  limestone  water) 
and  this  was  distilled  (in  bulk  equal  to  four  Winchester  quarts  three 
parts  full),  always  in  the  same  manner  and  in  such  a  way  as  to  yield 
three  successive  lots  called  X,  XX,  and  XXX,  in  bulk  in  each  case 
corresponding  to  a  Winchester  quart  bottle  three-quarters  full.  In  the 
table  on  the  opposite  page  (Table  III.)  the  characteristics  of  these 
separate  lots  (X,  XX,  XXX)  of  distilled  water  are  described. 

It  will  be  seen  that  X  water  was  distinctly  acid,  contained  free 
ammonia,  had  practically  no  erosive  power,  but  dissolved  lead  to  a 
marked  extent.  In  strong  contrast  to  this,  XXX  water  was  neutral, 
contained  onl^  traces  of  ammonia,  eroded  lead  in  vigorous  fashion,  but 
was  posse&sed  of  little  or  no  plumbo-solvent  abUity.  XX  water  occupied 
on  the  whole  an  intermediate  position.  All  three  waters  contained  about 
the  same  amount  of  dissolved  oxygen.  As  regards  the  plumbo-solvent 
ability  of  these  waters,  a  passing  reference  may  be  made  to  Table  III. 
This  table  will  be  considered  later  in  connection  with  the  general 
question  of  the  pluipbo-solvent  ability  of  various  waters.  Here  it  is 
only  necessary  to  remark  that  X  water  was  always  distinctly  acid  and 
dissolved  lead  to  a  considerable  extent ;  that  XXX  was  either  neutral 
or  contained  only  traces  of  acid,  and  had  on  lead  either  no,  or  only  a 
trivial  action,  in  respect  of  plumbo-solvency.  XX  wat«r  occupied  an 
intermediate  position,  but  usually  bore  a  greater  resemblance  to  X  water 
than  XXX  water.  Other  tables  relating  to  the  plumbo-solvent  abilities 
of  distilled  water  will  be  considered  in  a  separate  section  of  the  report. 
Reverting  once  more  to  the  question  of  erosion,  certain  tables  may  here 
be  given,  which  chiefly  afford  evidence  that  the  non-erosive  character  of 
X  distilled  water  was  a  temporary  condition  associated  with  the  presence 
of  a  volatile  acid.f 

*  It  was  impossible,  of  coarse,  to  make  absolutely  certain  that  no  "  iplashingB  " 
from  the  peat  ever  reached  the  bottles.  During  heavy  storms  of  wind  and  rain 
spray  from  the  ^roand  may  be  carried  a  considerable  distance. 

t  Plate  IX.,  fig.  19  (a).  Plate  X.,  Fig.  18  a.  b.  c.  Plate  XIII.,  Fig.  16  (o), 
(6),(c).    Plate  XIV.,  Fig.  17(a),  (rf),(e). 
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Tiible  IV.  shows  the  effect,  a?  regards  erosion  of  lead,  of  keeping  X 
distilled  water  in  bottles  (a)  partially  filled  and  onstoppered,  and  (6) 
completely  filled  and  stoppered. 

Tabls  IV. 

Showing  the  Effect,  as  regards  Ebosion  of  Lkad,  of  keeping  X 
Distilled  Water  in  Bottles,  (a)  Partially  Filled  and 
Unstoppered,  and  (b)  Completely  Filled  and  Stoppered. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^  completely 
sabmerged.] 


No. 


Description  of  Experiment. 


ReMtion. 


Remarks. 


Totel 
Lead  Salt 

100,000)7 


1  I  (a.)  10  cc.  distilled  water  X  in 
I  mt  tube  with  lead  1  x  ^*. 


(6.)  Same  as  (a),  but  water  kept 
preTiously  in  a  bottle  onlj 
partially  filled  '  and  un- 
stoppered for  IS  days. 


(a.)  Acid    •     (a)  No  action  noticeable 

even  after  seyeral 

days,      but     lead 

coated  with  bluish- 

I  white  dim. 

(6.)  Neutral!  (6.)  Action  oommenoed 
atonoe.  and  was 
prosresBiTe  in 
character. 


No 


I 


(a.)  10  CO.  distilled  water  X  in  |  (a.)  Acid 
test  tube  with  lead  1  x  ^*. 


(6.)  Same  as  (a),  bui  water  kept 
pivyiously  in  a  bottle  only 
partially  filled  and  un- 
stoppered for  12  days. 


8     (a.)  10  cc  distilled  water  X  in 
test  tube  with  lead  1  x  V'. 


(6.)  Same  as  (a)  but  water  kept 
previously  in  a  bottle  only 
partially  flUed  ami  un- 
stoppercd  fur  8  days. 

(a.)  10  CO.  distilled  water  X  in 
test  tube  with  lead  1  x  i". 


(6.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  only 
parlially  filled  and  un- 
stoppered for  14  days. 

(o.)  Same  as  (a),  but  mater  kept 
previous^  in  a  bottle  com- 
uletely  filled  and  stoppered 
for  14  days. 

(a.)  !•>  cc.  distillod  water  X  in 
test  tube  with  lead  Ix  v. 


(6.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  only 
partially  filled  and  un- 
stoppered for  7  days. 

(e.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  oom- 
pletelv  fifled  and  stoppered 
for  7  days. 


(6.)  Neutral 


(a.)  Add 


(6.)  Neutral 


(a.)  Acid 


(6.)  Neutral 


(c.)  Acid    - 


(a.)  Acid 


(6.)  Neutral 


(c)  Acid 


(a.)  No  action  noticeable    No  record, 
even  after  sevaral 
dftys.  bat  lead  was 
ooated  with  bluish- 
white  film.     ^ 

(6.)  Action  began  at  once 
and  was  progressiTe 
in  character. 


(a.)  No  action  noticeable.    No 
even  after  several 
days,      but     lead 
coated  with  bluish- 
white  film. 

(6.)  Action  began  atonoe^ 
and  was  progressive 
in  character. 


(a.)  No  action  noticeable    No 
even  after  several 
days.       but    lead 
coated  with  bluish - 
white  film. 

(6.)  Action  began  at  once, 
and  was  progressive 
in  character. 


(c)  Samemsaltasincase 
of  (a).  I 


,  (a.)  No  action  noticeable 
even  after  several 
days,  but  lead 
coated  with  bluish- 
white  film. 
(6.)  Action  began  at  once, 
and  was  progressive 
in  character. 


(6.)  85*0 


I 


(c.)  Same  resultas  in  case      (e.) 

of  (a.) 
After  one  day   lead  re 
moved  and  aoid  added.    | 


0*6 
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Table  IV. — continued. 


Vo. 


I>Moription  of  Bxperiment. 


(a.)  10  ex.  dutiUed  water  X  in 
test  tube  with  lead  1  x  i". 


(6.)  Same  as  (a),  bat  water  kept  i 
previouslj  in  a  bottle  only 
partially    filled    and    on-  ! 
stoppered  for  44  di^s.  i 

(e.)  Same  as  (a;,  but  water  kept  i 
preTiousur  in  a  bottle  com* 
pletely  filled  and  stoppered  | 
for  44  days. 


(a.)  10  cus.  distilled  water  X  in 
test  tube  with  lead  1  x  i". 


(6.)  Same  as  (a)«  but  water  kept 
previously  in  a  bottle  only 
partially  flUed  and  un- 
stoppered  for  88  days. 


Beactkm 


(a.)  Acid 


(6.)  Neutral 


(r.)  Aoid 


Remarks. 


Total 
Lead  Salt 
(parts  per 
lOOflOO). 


(a.)  Acid 


<  (c.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  com- 
pletely filled  and  stoppered 

I  for  88  d^s. 


I 


(6.)  Neutral 


(e.)  Acid 


(a.)  No  action  noticeable, 
even  after  several 
days,  but  lead 
coated  with  bluish- 
white  film. 

(6.)  Aclionbrganatonoe, 
and  was  pro^cressive 
in  character. 


{c.)  Same  result  as  in  case 
of  (a). 

After  one  day  lead  re- 
moved and  acid 
added. 


(a.)  No  action  noticeable 
even  after  several 
days,  but  lead 
coated  with  a  bluish 
white  film. 

(6.)  Action  be^an  at  once, 
and  was  progressive 
in  character. 


(c.)  Sameresultasincase 

of  (a). 
After     two    davs     lead 

removed      and      acid 

added. 


(6.)  10*0 


(e.)     O'S 


(6.)  l«-0 


(c.)  Trace. 


It  will  be  seen  that  X  distilled  water,  in  the  fresh  coodition,  was 
acid,  and  did  not  erode  lead,  but  coated  the  bright  surface  of  the  metal 
with  a  bluish-white  adherent  fihn,  and  this  film  protected  the  lead  from 
erosion.  Similarly  X  distilled  water,  kept  for  long  periods  in  com- 
pletelj  filled  and  stoppered  bottles,  behaved  as  if  it  were  still  fresh  as 
r^ards  lack  of  ability  to  erode  lead  and  retention  of  its  originally  acid 
quality.  But  the  same  water,  after  being  stored  in  bottles,  only  par- 
tially filled  and  unstoppered,  for  some  time,  became  altered  to  a  material 
extent,  and  in  the  direction  of  simulating  a  XXX  distilled  water,  in 
that  it  gave  a  neutral  reaction  >#i  eroded  lead  in  vigorous  fashion. 
(Plate  XIIL,  Fig.  16  (o),  (c).) 

Parallel  experiments  were  carried  out  with  XXX  distilled  water, 
and  these  are  shown  in  Table  Y. 
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Table  V. 

Shovring  thft  Epfbct,  as  regards  Erosion  of  Lead,  of  keeping  XXX 
Distilled  Water  in  Bottles,  (a)  Partially  Fill^  and 
Unstopperecl  and  (6)  Completely  Filled  and  Stoppered. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^")  completely 
submerged.] 


Total 

No. 

Deieription  of  Bzperiment. 

Reaction. 

Remarks. 

Lead  Salt 

1 

(a.)  10  cc  distilled  water  XXX 
in  tost    tube  with    lead 
ixi". 

(a.)  Neutral 

(a.)  Action  oommenoedat 
onoe.and  was  pro- 
gressive in  chsno- 

(6.)         ': 
ic.) 

No  reo(»d. 

(6.)  Sameaa  (a),  but  water  kent 
prerkMulyin  a  bottle  only 
partiallj    filled    and    nn- 

(e.)  Same  aa  (a),  but  water  kept 
preTioutly  in  a  bottle  com- 
ulctely  filled  and  stopperod 
for  14  days. 

(6.)       ,. 

S 

(a.)  10  ex.  distilled  water  XXX 
in    test    tube    with  lead 
IxV'. 

(a.)  Neutral 

(a.)  Action  commenced  at 
once,  and  was  pro- 
gressive in  charac- 
tw. 

(6.) 

M 

After  one   day    lead   re- 
moved and  acid  added. 

— 

(6.)  Same  as  (a),  but  water  kept 
preriously  in  a  bottle  only 
partially    filled    and    un- 

(e.)  Same  as  (a),  but  water  kept 
preTiously  in  a  bottle  com- 
DletelT  filled  and  stoppered 

(6.)        .. 

(6.)  26-0 
(c.)  25-0 

8 

(a.)  10  0.0.  distilled  wat«r.XXX 
in   test  tube    with   lead 
IxV*. 

(a.)  Neutral 

(a.)  Action  commenced  at 
once,  and  was  pro- 
gressive in  cbarac- 

(6.)       ***?. 

(0.) 

After  one    day    lead  re- 
moved and  acid  added. 

- 

(6.)  Same  as  (a),  but  water  kept 
preriously  in  a  bottle  only 
partially   fiUed    and    un- 
stopperad  for  44  days. 

(c.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  com- 

(6.)        .. 

(6.)  10-0 
(<?.)  12-6 

4 

(a.)  10  cc.  distilled  water  XXX 
in    test    tube  with    lead 
1x4". 

(a.)  Neutral 

(a.)  Action  commenced  at 
once,  and  was  pro- 
gressive in  charac- 
ter. 

(6.) 

(c.) 

After  two  days  lead  i«- 
moved  and  acid  added. 

— 

(6.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  only 
paitially    filled    and    un- 
stopperad  for  8S  days. 

(e.)  Same  as  (a),  but  water  kept 
previously  in  a  bottle  oom- 
nletely  fifled  and  stoppered 

(6.)       „ 

(6.)  10*0 
ic.)  10-0 

It  will  be  noted  XXX  distilled  water  under  all  three  sets  of  con- 
ditions (fresh  ;  stored  in  partially  filled  and  un  stoppered  bottles;  and  in 
completely  filled  and  stoppered  bottles)  was  found  to  be  neutral  and 
possessed  of  conspicuous  erosive  power^ 

The  following  three  tables  (VE.,  VII.,  and  VIII.)  deal  respectively  with 
the  effects  of — (1)  boiling  and  then  cooling  ;  (2)  exhausting  the  air  and 
then  allowing  aeration  to  take  place ;  and  (3)  artificial  aeration  of  dis- 
tilled waters  X,  XX,  XXX,  as  regards  reaction  and  erosive  ability. 
(Plate  IX.,  Pig;  12;  PUte  X.,  Fig.  U;  Plate  XIII.,  Fig.  16; 
Plate  XIV.,  Fig.  17.) 
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Tablb  VI. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Boiling 
X,  XX,  and  XXX  Distilled  Water  respectively. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  \'*)  completely 
submerged.] 


1  Murcb  28th,  18M.— Sunplea  of  X  (distmetlv 
acid).  XX  (alidfhtly acid),  and  XXX  (neaM) 
diatUled  water  heated  to  lOO*"  C.  (or  several 
minutes  in  platinam  dish.  The  water  left  to 
oool  and  re-abaorb  oxygen  from  the  air.  X. 
XX,  XXX  water  now  neutral  :— 
(a.)  10  CO.  X  water  in  teat  tube  with  lead 

'         (6.)  10  ox.  XX  water  in  teettubewith  lead 
ix^. 
(«.)  10  CO.  XXX  water  in  teat  tube  with 
leadlxV'. 
March  29th,  18M.— Samplea  of  X    (distinctly 
acid).  XX  (slightly  acid),  and  XXX  (neutral) 
diatilled  water  heated  to  100°  C.  for  aeveral 
minutea  in  platinum  dish.  The  water  rapidly 
cooled,  ana.introdnoed  into  teat  tubea  (a), 
(6),  and  (e)  with  lead  1  x  V'. 
10  cc.  of  X  XX,  and  XXX  water  which  had 
not  been  heated  also  introduced  into  test 
tubea  (d).  («),  and  (/)  with  lead  1  x  \", 


May  Slst,  1894:— 
(a.)  10  cc.  X  (distinctly  acid)  distilled  water 

In  test  tube  with  lead  1  x  V'. 
Kb.)  Same  as  (a),  but  watei  first  heated  to 
I  100°  C.  in  porcelain  dish  for  several 

I  minutes,  and  then  allowed  to  oool  and 

re-absorb  oxygen.    This  water  was  now 
I  neutral. 

4    July  18th.  18Ml— Experiment  No.  S  (a  and  h) 
I     repeated,  but  with  f^hly  distilled  water. 

6  July  25th.  1894.— Samples  of  X  (distinctly  acid) 
and  XXX  (neutral  water)  distilled  water 
heated  to  100°  C.  for  several  minutes  in 
platinum  dish.  The  water  allowed  to  oool 
and  re-abaorb  oxygen.  X  and  XX  water  now 
neutral  :— 

(a.)  10  ccX  with  lead  IxV'. 

(6.)  10  cc  XXX  with  lead  1  x  V'. 

July  26th.  1884.     Experiment  S  (a  and  h)  re- 
peated, but  with  freahly  distilled  water. 


August  2nd.  1804:— 
(a.)  10  ccX  (distinctly  acid)  distilled  water 

in  test  tube  with  lead  1  x  V'. 
(6.)  Same  as  (a),  but  XXX  (neutral)  water 

used, 
(c.)  Same  as  (a),  but  X  water  previously 
heated  to  100°  C.  for  several  minutes, 
and  then  allowed  to  oool  and  re-absorb 
oxygen.    Water  now  neutral, 
(d.)  Same  as  (c).  but  XXX  water  used. 
Augnat  10th,  1894.     Experiment  7  {a,  6,  c.  c2)  re- 
peated, but  with  freshly  distilled  water. 
January  27th,  189S.     Exneriment  7  repeated, 
but  with  flrshly  distilled  water. 


Februai7]Bt,1896:— 
(a.)  10  cc  XXX  (neutral)  distilled  water  in 

test  tube  with  lead  1  x  V'. 
{b.)   Same  as    (a),  but    water    previously 
heated  to  100°  C.  for  several  minutea 
in  platinum  dish,  and  then  allowed  to 
and  re-abaorb  oxygen. 


inpli 
cooli 


Diatinct  eroaion  of  the 
lead  in  the  three  teat 
tubea  (a),  (6).  (e)  oc- 
curred. 


At  flnt  there  was  no 
action  in  (a),  (6),  (c). 
but  graduaUy,  as  oxygen 
was  absorbed,  action 
commenced.  In  the 
caae  of  (d;,  (0).  and  (/) 
usual  phenomena  ob- 
served, ije.,  no  action  in 
X  (d).  sliffht  action  in 
XX  (0),  and  great  action 
inXXX(/). 

No  action  occurred  in 
(a),  but  in  (6)  a  veir 
decided  action  took 
place. 


Samereeult  aain  Experi- 
ments. 

The  action  on  lead  was 
very  decided  in  (a)  and 
(6). 


Same  result  as  in  Experi- 
ment 5.  but  the  action 
on  lead  in  both 
not  quite  so  great, 

No  action  on  lead  in  (a), 
but  distinct  action  in 
(6).(c).and(d). 


Same  result  as  in  Experi- 
ment 7. 

January  Slst,  1896.  No 
action  in  (a),  but  great 
action  (6).  (c).  {d). 
Lead  removed,  acid 
added,  and  lead  esti- 
mated. 

Action  commenced  at 
once  in  (a)  and  (6). 


No 
reoorda. 


(a.)=  0*6 
(b.)  =200 
(c)  =200 
\d.) 


25*0 


Digitized  by  VjOOQIC 


26 


Table  VII. 


Showing  tbe  Effect,  as  regards  Erosion  of  Lead,  of  Exhausting  the 
AiB  from  Distilled  Water,  aod  then  allowing  the  Water  to 
become  Aerated  agaiu. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^")  completely 
submerged.] 


No. 


Deioription  of  Experiment. 


Remarka. 


I      Total 
'  Lead  Sell 
(parte  per 
100.000). 


May  Slet,  1804:— 
(a.)  10  C.C  X  (distincthr  add)  distilled  water  | 
in  test  tube  withlead  1  x  V'. 

(6.)  Same  as  (a),  bat  water  previooalj 
exhausted  of  air»and  then  air  allowed  to 
re-enter.   Tbe  water  was  now  neutral. 


JnlyUth^lSM:— 
(a.)  10  C.C.  X  (distinctly  aoid)  distilled  water 
in  test  tube  with  lead  1  x  V'. 

(6.)  10  CO.  XXX  (neutral)  distilled  water  in 
test  tube  with  lead  1  x  V. 

(e.)  Same  as  (a),  but  water  prerioasly 
exhausted  of  air,  and  then  air  allowed 
tore-enter.   The  water  was  now  neutral. 

(d.)  Same  as  (6).  but  water  previously  ex- 
hausted of  air,  and  then  air  allowed  to 
re-enter. 

July  aeth,  1804.— Experiment  2  repeated  with 
frash  samples  of  distilled  water. 


August  2nd,  1804.— Experiment  2  repeated  with 
fresh  samples  of  distilled  water. 


August  10th.  1894.— Experiment  2  repeated  with 
fresh  samples  of  distilled  water. 


January  27th.  1886.— Experiment  2  repeated  with 
fresh  samples  of  distilled  water. 


Action  began  at 
b.  No  action 
sibleina. 


Action  began  at  once  in 
No  action  was  yisible  in  a. 


Same   result 
periment  2. 


as  in    Ex- 


Same    result    as    in   Ex- 
periment 2. 


Same   result 
periment  8. 


as    in  Ex- 


result  as  in  Ex- 
periment 2. 
January  Slst,  1880.  Lead 
removed  from  tubes,  acid 
added  to  their  contents, 
and  lead  estimated. 


No 


as  0*S 
6-20-0 
0=25*0 
d-^iOO 
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Table  VIII. 

Showing  the  Effbct,  as  regards  Erosion  of  Lead,  of  the  Aeration 

of  Distilled  Water. 

[Bright  sheet  lead  was  used,  and  the  pieces  (I  x  ^")  completely 

Bobmerged.] 


No.' 


t 


Dewription  of  Experiment. 


Remwkfl. 


Totel 
Lead  Salt 


I  Atmospheric  air  aapirated  fint  ihroavh  wash 
bottle  (containing  water),  and  then  through 
X  (distinctly  acid).  XX  (slifhtbr  acid)  and 
XXX  (neutral)  distilled  water  in  flasks  for 
I  hour.  X.  XX.  and  XXX  distilled  water  now 
n«mtraL 
(a.)  10  e.c  X  in  test  tuhe  with  lead  1  x  V'. 

lb.)  ,«       X^^       »  m  M 

\e.)       «     XXX     « 

July  25th,  18M.— Experiment  1  repeated  with 
freshly  distilled  samples  of  Xand  XXX  water, 
(a.)  10  &c  X  in  test  tuhe  with  lead  1  x  V'. 
(6.)       .     XXX    ...  ..I 

July  96th.  18M.    Experiment  1  repeated  with  |  Erosion    commenced 
freshly  distilled  samples  of  X  and  XXX  water,  i     once  in  (a)  and  (6). 
(a.)  10  cc.  X  Jn  test  tube  with  lead  1  x  V'. 


Erosion    commenced   at  i 
once  in  (a).  (6).  and  (o). 


Erosion     commenced   at 
once  in  (a)  and  (6). 


at 


I 


Experimoit  1  repeated  with 
i  XXX  water. 


XXX 

August  2nd.  18M.    Experiment  1  repeated  with  | 
freshly  distilled  samples  of  X  and  XXX  water, 
(a.)  10  cc.  X  in  test  tube  with  lead  1  x  V».     \ 
(6.)       w     XXX    M  „  ft 

August  10th.  18M.    Experiment  1  repeated  with 
freshly  distillfd  §amp1es  of  Xand  XXX  water, 
(a.)  10C.C.X  in  test  tube  with  lead  ix  v. 
lb.)       ..     XXX    ...... 

Jannarr  27tb,  1896.    __^ 

freshly  distilled  samples  of  X  and 

(a.)  10  ex.  X  in  test  tube  with  lead  1  x  V. 
(6.)       „     XXX    ., 

7     February  6th.  1896  •*— 

(a.)  10  cc.  freshly  distilled  X  water  in  test 

tube  with  lead  1  x  V'.    Water  acid.     , 
(6.)  Same  as    (a.),  but  air     (preTiouslr 

washed    by  passing  through  wasn 

bottle  containing  water)  flrst  passed 

througli  for  \  hour.    A  water  now 

neutml. 
(c)  Same  as  (ft),  but  dilute  solution  of  RHO 

in    wasn     bottle.    X     water    now 

neutral, 
(d.)  Same  as  (ft),  but  two  wash  bottles  used. 

the  first  containing  dilute  HCl.  and 

the   second    water.    X   water  now 

ikeutral. 


Erosion    commenced 
once  (a)  and  (ft). 


Erosion    commenced 
onoe  in  (a)  and  (ft). 


At 


Erosion     commenced    at 
once  in  (a)  and  (ft). 


Erosion     commenced    at 
once  ill  (ft),  (e).and  (d), 
but  there  was  no  action  i 
in  (a). 

February  7th.  180S.   lead  i 
removed    firom    tubes, 
acid  added,  and    lead  | 
estimated.  i 


1-0 


ft.=12-6 


=12*6 


d.=12'6 


it  will  be  DOied  that  an  a(*id  uon-erosive  X  distilled  water  can  be 
brciiKbt  into  the  condition  of  a  neutral  erosive  water  (comparable  to 
XXX)  by  one  of  the  following  methods : — (1)  boiling  and  then  cool- 
ing, and  allowing  the  water  to  re-absorb  oxygen  (Table  YI.)  ;  or  (2) 
eidiaustion  of  the  gases  and  then  allowing  natural  aeration  to  take  place 
(Table  YII.)  ;  or  (3)  artificial  aeration.  In  hH  three  cases  the  effect 
produced  on  the  water,  and  the  ultimate  result  obtained,  as  regards 
action  on  lead,  was  the  same,  namely,  removal  of  the  volatile  inhibitory 
^<  plnmbo  protective "  substance  and  the  introduction  of  atmospheric 
oxygen  resulting  in  loss  of  acidity  and  gain  in  ability  to  erode  lead.  It 
will  be  shown  in  another  section  of  this  report  that  the  change  of  an 
acid  non-eroeive  X  distilled  water  into  a  neutral  erosive,  and  practically 
XXX  distilled  water  is  also  associated  with  a  loss  of  the  previously 
'  ability  to  dissolve  lead  (plambo -solvent  ability). 


Digitized  by  VjOOQIC 


28 


There  remains  to  be  mentioned  another  method  by  means  of  which 
an  acid  non-erosive  X  distilled  water  can  be  converted  into  an  erosive 
water  (Table  IX.). 

Table  IX. 

Showing  the  Action,  as  regards  Erosion  of  Lkad,  of  X  Distilled 
Water  upon  Buigut  Sheet  Lead — (a)  under  Ordinary  C^onditions, 
(6)  upon  Renewal  of  Lead. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  Y')  completely 
submerged.] 


No. 


Description  of  the  Biperiineiit. 


Bemarki  as  to 
Erosion. 


Total 
Lead  Salt 
(pwts 
lOOr'^ 


rtsper 
1,000). 


MlV  29th,  1886  :— 
(a.)  10  C.C.  X  distilled  water  (acid),  in  test 

tube  with  lead  I  x  i", 
(6.)  »ameas(a). 


June  Ist,  1896  :— 
(a.)  10  C.C.  X  distiUed  water  (acid),  in  test 

tube  with  lead  ixi". 
(6.)  Sameaa  (a). 


June  ISth.  1895:— 
(a.)  10  CO.  X  diatUled  water  (acid),  in  test 

tube  with  lead  IX  v. 
(6.)  Same  as  (a). 


June  Uth.  1896:— 
(a.)  10  C.C  X  distilled  water  (acid),  in  test 

tube  with  lead  lxV\ 
(6.)  Same  as  (a). 


Lead  renewed  in  (6)  May 

.SOth  and  81st. 
June  6tb,  action  in  (a), 

(6).  but  greater  in  (6) 

than  (a). 

Lead  renewed  in  (6)  June 

2nd.  8rd,  and  4tn. 
June  7th.  no  action  visible 

in  la),  dintinct  action 

in  (6). 

Lead  renewed  in  (6)  June 

13th.    Uth,    15th.  and 

16th. 
June    18th,    no     action 

visible  in  (a),  distinct 

action  in  (6). 

Lead  renewed  in  (6)  June 

ISth  and  16th. 
June    18th,     no     action 

visible  in  (a),  distinct 

action  in  (6). 


(a.)  15-0 
(b.)  25*0 

(a.)    1-0 
(6.)  10-0 

(a.)    0-6 
(6.)  15-0 

(a.)    0*6 
(6.)  10-0 


It  will  be  seen  that,  by  renewing  the  lead  at  intervals,  the  «*  plumbo- 
protective  *'  substance  originally  present  in  an  X  distilled  water  can  be 
exhausted,  thus  allowing  the  inherent  property  of  erosion  to  act  in 
unrestrained  fashion  (Plate  VIII.,  Fig.  11). 

It  has  been  asserted  that  the  kind  of  action  on  lead,  here  termed 
erosion,  is  not  an  inherent  property  o^  a  pure  water  containing  dissolved 
oxygen,  but  that  it  is  due  to  the  presence  of  impurities  in  the  water. 
With  the  view  of  testing  this  hypothesis,  the  experiments  detailed  in 
Table  X.  were  carried  out. 
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Table  X. 


Showing   the    Effect,   as   regards   Erosion   of  Lead,   of 
Re-distillation  of  XXX  Distilled  Water. 


the 


[Bright  sheet  leud  was  nsed,  and  the  pieces  (1  x  ^'0  completely 
submerged.] 


Nal 


Description  of  Experiment. 


Reaction. 


1  November  IStb.  18M.   I/WO  c.c. 

XXX  distilled,  Ist  100  rejected, 
700  collected.  700  c.c.  distilled, 
1st  50  rejfcted.  460  c.c.  collected. 
450  O.C.  distilled.  1st  50  rejected. 

I      fOO  collected.    200  cc.  distilled. 

'  Iflt  60  rejected.  60  collected :  10 
cc  of  tne  Isst  60  c.c.  in  test 
tubewitbleedlxV. 

2  Norember  2l8t.  1884.  1.000  cc. 
I  XXX.  witb  a  crystol  KMnOi 
I  distilled  till  volume  reduced  to 
I  260 CC:  60 cc.  tben  collected; 

10  cc  of  this  50  cc  in  test  tube 
,      withlt^lxi''. 


November  24th.  1894.  2.000  cc. 
XXX  distilled.  1st  100  cc  re- 
jected, and  1,700  collected.  1.700 
cc,  diftilled.  1st  10()  rejected. 
1.400  collected.  1.400  cc  dis- 
tilled, Ist  100  rejected,  1,200  col- 
lected. 1.200  cc  distiUed.  Ist 
200  rejected,  next  100  cc  col- 
lected. 

(a.)  10  cc  of  this  100  cc  in  test 
tube  with  Imdlxr. 

(6.)  10  cc  of  this  100  cc  in  test 
tube  with  lead  Ixi''. 

January  Slst.  1895.  ijM 
XXX:  distilled,  with  60  cc.  alka- 
line KMnOf  (KHO  1  in  6,  and 
KMn04  i  m  126),  previously 
boiled  free  of  ammonia;  1,6U0 
cc  rejected,  snd  100  cc  col- 
lected, ammonia  free. 

(a.)  10  cc  of  this  100  cc  in  te^t 
tube  with  lead  I X  v. 

(6.)  10  cc  of  this  100  cc  in  test 
tube  with  lead  ixi". 


Neutral 


Neutral 


Nputral 


I 


Neutral 


February  7th,  1896.  1.000  cc  X  ,  Neutral 
distilled  with  O'l  per  cent. 
NaiOOs.  Ist-  200  cc  rejected,  and  ; 
eoocc  collected.  000  cc  distilled 
with  0*1  per  cent  NatOOa,  1st 
100  cc  rejected,  and  SOO  cc  col- 
lected. 800  cc  distilled.  1st  60 
cc  rejected,  and  160  cc  col- 
lected, ammonia  free ;  10  cc  of 
this  160  cc  in  test  tube  with 
leadlxV. 


Remarks. 


Total 
Lead  Salt 
(parts  per 
100,000). 


Action  began  at  onoe,  and 

was      profcressive      in 

character. 
November      18th.      1884. 

Action    very    distinct ; 

lead  removed  and  acid 

added. 


Action  commenced  at 
once,  and  was  progres- 
sive in  character. 

November  22nd.  1884. 
Lead  removed,  and  acid 
added. 

Action  commenced  at 
once,  and  was  progres- 
sive in  character. 

November  26th.  1894. 
Lead  removed  and  acid 
added. 


100 


Action  commenced  at 
once,  and  was  progres- 
sive in  character. 

February  2iid,  1896.  Lead 
removed,  and  acid  added. 


Action  commenced  at 
once,  and  was  progres- 
sive in  character. 


50 


(d.)    5*0 
(6.)    7-0 


(a.)  16-0 
(6.)  15-0 


The  table  shows  that  the  repeated  distillations  of  XXX  distilled 
water  (so  as  to  obtain  samples  of  distilled  water  iu  as  pure  a  condition 
as  possible)  in  no  way  affected  its  power  of  eroding  lead  in  vigorous 
fashion. 

It  is  convenient  next  to  pass  to  a  consideration  of  Table  XT.,  which 
shows  the  effect,  as  regards  erosion  of  lead,  of  passing  hydrogen  gas 
through  distilled  water. 
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Tablb  XI. 


Showing   the  Effect,  as  regards  Erosion  of  Lead,  of  passing 
Htdbooen  Gas  through  Distilled  Water. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^")  completely 
submerged.] 


No. 


Description  of  Experiment. 


Remarks. 


Total 

Lead  Salt 

(parts  per 

100.000). 


'  March  astfa.  1894.  HydrcMren  gas  passed  throafch  , 
X  (distinctly  acid).  XX  (slightly  acid),  and  > 
XXX  (neutral)  distilled  watnr  in  flasks,  for  i  | 
hour.    X.  XX,  XXX  water  now  neutral, 
(a.)  10  cc.  X  in  test  tube  with  lead  1  x  \". 

IbS     .    xx^     .       ..       ,.         ; 

(C.)  n         XXX  M  M  ., 

April  0th,  1804.    100  cc.    X,   XX.  and    XXX 

distilled  water  in  flasks.     Hydrogen  drawn 

through  i  hour.    Pieces  of  lead  (I  x  V)  intro 

I     duced  and  hydrogen  uaic  drawn  through  i 

hour.    Flasks  stoppered  so  as  to  exclude  air. 


A  slight  action  on  lead 
was  noticeable,  in  (a), 
(6),and(0).  This  result 
was  no  doubt  to  be 
traced  to  presencein  the 
water  of  some  oxygen. 


April  12th.  ISM.  Experiment  same  as  Xo.  2,  but 
fresh  samples  of  distilled  water  used. 


April  9th  and  10th.  No 
action  visible.  Air  then 
drawn  through  far  i 
hour.  Erosion  slowly 
commenced  in  all  8 
flasks,  and  by  April  llbh 
the  action  on  the  lead 
was  well  marked. 

No  action  visible  after  i 
hour.  Air  now  passed 
through  water  in  one  of 
the  flasks  for  i  hour. 
Erosion  of  lead  soon 
occurred,  and  progres- 
sively increased  in 
amount.  April  13th.  A 
very  slight  action  noticed 
in  the  other  two  flasks. 
The  stoppers  of  these 
two  flasks  removed 
with  the  result  that 
decided  erosion  of  the 
lead  followed. 


January  27th,  189S  :— 
(a.)  10  cc  X  (distinctly  acid)  distilled  water 

in  teat  tube  with  lead  1  x  \". 
(b.)  10  cc  XXX  (neutral)  distilled  water  in 

tMt  tube  with  lead  1  x  f . 
(c)  Same  as  (a),  but  hydrogen  gas  previously 

passed  through  X  wator,  and  then  water  , 

allowed  to  become  aerated  again.    The  I 

water  was  now  neutral. 
id,)  Same  as  (6),  but  hvdrocen  gasi  previously 

passed  through  XXX  water,  and  then 

water  nllowed  to  become  aerated  again. 


No  action  occurred  in  (a). 
Action  distinct  in  \b), 
(c),  (d). 


No 
records. 


No  record. 


The  table  shows  that  X,  XX,  aud  XXX  distilled  waters,  when 
saturated  with  hydrogen  gas,  display  practically  no  erosive  power,  but 
that  this  treatment  removes  the  acidity  originally  poesessed  by  waters 
X  (in  marked  degree)  and  XX  (in  less  degree).  Further,  that  if, 
either  aitiftcially  or  by  natural  processes,  air  be  allowed  to  take  the 
place  of  the  hydrogen,  decided  erosion  ensues.  Thus,  by  passing 
hydrogen  gas  through  an  acid  non-erosive  X  water  or  a  neutral 
erosive  XXX  water,  the  former  is  rendered  neutral  but  remains  non- 
erosive,  whilst  the  latter  loses  its  original  power  of  eroding  lead.  In 
both  cases  the  removal  of  the  hydrogen,  by  artificial  or  natural  pro- 
cesses of  aeration,  results  in  the  display  of  distinct  erosive  ability. 

Table  XII.  shows  that  a  distilled  water,  which  erodes  lead,  loses  its 
power  of  eroding  lead  when  placed  under  anaerobic  conditions. 
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Table  XII. 


Showing  that  a  Distilled  Water  which    ^  erodes  "  Lead  loses  its 
Power  of  **  erodino  "  Lead  under  Anaerobic  Conditions. 


II 


DeMription  of  Ezpsrimdnt. 


Remarks. 


Total 
Lead  Salt 
(parte 
100,-^ 


(a.) 
(A.) 


10  O.C.  XXX  dieiiUed  wntcr  in 
Roax  tube  with  strip  of  bright 
sheet  lead.    Marrh  29th.  1894. 

Same  as  (a)  but  the  air  first  ex- 
hausted in  the  following  waj. 
A  piece  of  thread  was  tied  to  a 
strip  of  bright  sheet  lead,  and  a 
length  of  thin  copper  wire  to 
the  thread— the  lead  being  sus- 
pended in  a  Roui  tube  in  the 
way  shown  in  Fig.  2.  Plate  II. 
A  constriction  was  made  at  a 
and  when  the  glass  had  ccx>led 
sufficiently  the  «nre  was  drawn 
up  until  the  thread  was  opixtsite 
the  oonstriotion.— FigA  Plate  II. 
The  tube  was  oopntwted  by  a 
piece  of  rubber  tubing  with  a 
Roux's  apparatus,  and  the  air  ex- 
hausted with  a  water  pump  and 
then  hydrogen  admitted:  the 
alternate  exhaustion  of  the  air 
and  admission  of  hydrogen  being 
continued  several  times  to  n- 
moTe  the  last  traces  of  oxygen. 
After  the  final  exhaustion  the 
tube  was  sealed  at  the  constric- 
tion—thus  causing  the  thread 
to  break  and  the  lead  to  fall 
into  the  water.  -Fig.  4,  Plate  II. 


(a.)  Same  as  (6)  Experiment  1.  April 

2nd.IS94.   _ 
(6.)  SameaB(6)Kxperimentl.  April 

Snd.lS9«. 


(a.)  10  C.C  XXX  distilled  water  in 
Ronx  tube  with  strip  of  bright 
sheet  lead.    Apnl  2nd,  1884 

(6.)  Sfune  as  (ft)  Bxiwriment  1. 

(c.)        u  * 


(a.)  10  ex.  XXX  distilled  water  in 
Roux  tube  with  strip  of  bright 
sheet  lead.   April  6th.  18M. 

(6.)  Same  as  (6)  Experiment  1. 


(a.)  10  ex.  XXX  distilled  water  in 
Roux  tube.  Air  first  exhausted 
and  then  strip  of  bright  sheet 
lead  introduced ;  a  constriction 
made  on  neck  of  tube,  and  ex. 
hsustion  again  made,  and  finally 
sealed  at  point  of  comitrictioii 
April  6th,  1894. 


March  80th.  1S94.  Great  action  in  (a), 

none  in  (6). 
April  2nd.  1894.    Great  action  in  (a), 

none  in  (6). 
April  3rd,  1894.    Great  action  in  (a). 

none  in  (6). 
April  6th.  1891.    The  neck  of  (6)  tube 

broken  so  as  to  admit  the  air. 
April  7th,  1894.  StiU  no  action  in  (6). 
April  8th.  1894. 

so  a  fresh  strip  of  bright  lead  intro- 
duced into  ib). 
April  12th.  1894.    No  action  however 

took  place. 


Its  per 
1.000). 


No  action  in  (a)  and  (6).    April  8rd, 

4th.  and  6th. 
April  6th.  (a)  broken  so  as  to  admit 

air. 
April  6th.   Still  no  action  in  (a)  or 

ib),  so  a  fresh  strip  of  lead  intro- 
Luoed  into  (a)  tube.    Action  slowly 
commenced  in  (a). 
April  7th.    (b)  tune  now  broken. 
April  8th,  9th.    No  action  in  (ft),  so 

fresh  lead  introduced. 
April  12th.    Now  action  m  both  (a) 
and  (ft). 

Action  began  at  once  in  (a), no  action 
in  (ft),  (c).  April  6th,  still  no  action 
in  (6).  (c};  BO  (ft)  tube  broken. 
Apnl  7tfa,  still  no  action  in  (ft),  («), 
SO  fresh  lead  introduced  into  (ft) 
tube.  April  8th,  slight  action  in 
(ft),  none  in  (c),so  tube  (c), broken. 
April  9th,  12th,  still  no  action  in  (o). 


Action  began  at  once  in  (a),  but  not 
in  (ft),  (e).  After  |  hour  (ft)  tube 
broken.    April  6th,  now  suction  in 

ift).  none  in  (c).  so  (e)  tube  broken. 
ly  April  7th,  1894,aotion  in  (a),  (ft), 
and  (o). 


A  slight  action  noticeable,  perhaps 
due  to  traces  of  oxygen  introduced 
with  piece  of  lead.  After  1|  hours 
tabe  broken,  and  the  action  then 
progressively  increased. 
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Table  XII. — continued. 


f§ 


Description  of  Experiment. 


Remarks. 


Total 

Lead  Salt 

(parts  per 

100,000). 


10 


12 


(a.)  10  ex.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    April  12th,  1894. 

6.)  Hame  as  (6),  Experiment  1. 

».)  M  n  .. 


(a.)  10  c.e.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    May  23rd,  18&4. 


Same  as  (a). 

Same  as  (6),  Experiment  1. 


(a.)  10  C.C.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    June  2na,  1894. 

(6.)  Same  as  (6),  Experiment  1. 


(a.)  20  C.C.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    June  8th,  1894 

b.)  Same  as  (a) 

0.)  Same  as  (6),  Experiment  1. 

^d,)  n  ft  M 

i'«/  »»  M  W 


(a.)  10  C.C.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    Juue  ISth,  1894. 

(ft.)  Same  as  (6),  Experiment  1,  but 
hydrogen  not  B4imitted. 

(c.)  Same  as  (6),  Experiment  1,  but 
hydrogen  not  admitted. 

(d.)  Same  as  (6),  Expfriroent  1. 


(a.)  20  CO.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  letid.    June  14th,  1894. 

(d.)  20  cc.  XXX.  distilled  water  in 
Boux  tube  alternately  ex- 
hausted of  air  and  hydrogen 
admitted  (four  times).  Strip 
of  bright  sheet  lead  introduced 
and  exhaustion  continued  for 
2  hours,  and  then  tube  discon- 
nected and  allowed  to  absorb 
air. 


(a.)  20  c.c.  XXX.  distilled  water  in 
Boux  tube  with  strip  of  bright 
sheet  lead.    January  21st,  1895. 
Same  as  (a). 

Same  as  (6),  Experiment  11,  but 
after  lead  introduced  exhaustion 
continued  for  half  an  hour, 
(d.)  Same  as    (c),  but   exhaustion 
continued  for  one  hour. 


Action  only  in  (a) .   After  half  an  hour 

(6)  tube  broken. 
April  ISth.    (a),  (b)  distinct  action ; 

(c),  id)  no  action. 
April  14th.    (c)  tube  broken,  as  no 

action  (e),  (a). 
April  ISth.    Action  now  in  (e),  but 

not  in  (d),  so  tube  broken. 
April  I6th.  Action  in  (a).  (6),  (c),  (d). 

Action  began  at  once  in  (a) ,  (5).  After 

1  hour  none  in  (c),  (cl),  so  (e)  tube 

broken. 
May  24th,  1894.    Action  now  in   (c), 

but  none  in  (d),  so  (d)  tube  broken. 
Hay  25th.  1S94.    Action  now  in  (a), 

ibh  (0.  id). 

Action  began  at  once  in  (a),  and  pro- 
gressively increased.  No  action  in 
(b)  June  5th,  6th,  7th.  8th.  (c)  tube 
broken  immediately  after  sealing, 
but  no  action  June  Srd,  4tb,  Sth,  so 
fresh  lead  introduced.  By  June  7th 
action  in  {c). 

Action  beg^  at  once  in  (a),  (6),  and 
progressively  increased  in  amount. 
(e):  here  a  Slight  action  was  noticed, 
but  it  did  not  increase  in  amount. 
No  action  in  (e),  (d),  so  (c)  tube 
broken  after  4nour8.  Action  soon 
commenced  in  (c),  and  was  pro- 
gressive in  character. 

Action  be^an  at  once  in  (a),  and  was 
progressive  in  character.  Very 
slight  action  in  (6),  but  not  pro- 

?ressive  in  character,  (c)  same  as 
6).  so  ic)  tube  broken.  Now  action 
in  (e)  became  much  greater  than  in 
case  of  (6).  Very  slight  action  in 
id),  but  not  progressive  in  chs- 
racter.  ie)  same  ss  (d).  so  (0)  tube 
broken.  Action  now  became  much 
greater  in  ie)  than  id). 

Action  bei^n  at  once  in  (a),  and  was 
progressive  in  character.  No  action 
in  (o)  while  tube  in  connection  with 
exhaustion  apparatus.  After  dis- 
connection, however,  action  benn. 
and  progressively  increased  so  that 
after  a  few  days  (a)  and  {b)  showed 
an  apparently  equal  action. 


Action  began  at  once  in  (a),  (ft),  and 
was  progressive  in  character.  Very 
slight  action  in  (c),  id),  not  pro- 
gressive in  character.  After  naif 
an  hour  lead  removed  fh)m  (a)  and 
(c),  acid  added,  and  lead  tested  for. 
After  1  hour  (ft)  and  id)  examined 
in  same  way. 
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The  above  results  show  very  clearly  that  XXX  distilled  water 
capable  of  eroiling  lead  to  a  contjipieuous  extent  can,  when  placed  under 
anaerobic  conditions,  be  prevented  from  exercising  its  erosive  power  owing 
to  the  absence  of  dissolved  oxygen.  Further,  that  the  subsequent 
readmission  of  air  restores  to  the  water  its  erosive  ability  (Plata  XL, 
Fig.  14).  But  it  is  noteworthy  that,  in  some  cases,  a  new  piece  of 
lead  had  to  be  intro<iuced  into  the  tube  of  experiment  in  order  to 
induce  action  on  lead  to  take  place.  This  leads  to  the  conjecture  that 
bright  lead,  placed  for  a  sufficient  length  of  time  under  anaerobic,  and 
therefore  **  erosive-inhibitory "  conditions,  may  pass  into  a  molecular 
state  protecting  it  to  some  extent  from  further  erosive  action,  even 
when  the  conditions  inhibiting  erosion  are  removed,  and  notwithstanding 
the  fact  of  its  remuiiiing  bright  and  ^'uncoated"  during  the  course  of 
the  experiment. 

In  the  preceding  tables  the  strong  erosive  power  of  XXX  distilled 
water  on  bright  sheet  lead  has  been  shown.  In  contrast  to  these 
results,  the  inertness  of  the  same  class  of  water  towards  coated  lead  is 
shown  in  Table  XIII. 


Table  XIII. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  XXX  Distilled 
Wateb  upon  Lead  which  had  previously  been  Submitted  to  the 
Action  of  a  Hard  Limestone  Water. 

[The  coating  was  obtained  by  leaving  bright  sheet  lead  in  contact  with 
Settle  water — a  hard  limestone  water — overnight ;  and  then 
washing  with  distilled  water  and  allowing  to  dry.] 


No.  Description  of  Experiment. 


R«markg. 


Total 
Lead  Salt 
(parts  per 
100,000). 


1  ■  Jannanr  26th.  1895 :—  I 

I      (a.)  10  C.C.  XXX  in  test  tube  with  bright     lu  (a)  action  commenced       {a.)   20*0 

sheet  lead  Ix  v. 
if  (ft.)  10  C.C.  of  same  water,  in  test  tube  with 
\\  coated  lead  IxV'. 

\j   ic.)  same  as  (6). 
1  (^  id.)  same  as  {b)  and  (c). 


at  once  and  was  pro- 
gressive in  character;  no  ^  (6.)  trace, 
action  apparent  in  (6). 
Ac),  id).   ^  ^    V 

January  29th,  1895.   I.ead 
removed  and  acid  added. 


j  (c.)  trace. 
J  id.) ' 


trace. 


The  table  shows  that  XXX  distilled  water  is  unable  to  display  its 
erosive  power  if  the  lead  has  been  allowed  previously  to  acquire  a 
coating  of  a  "  plumbo-protective  "  substance,  which  was  acquired  in  this 
case  from  the  contact  of  bright  sheet  lead  with  a  hard  limestone 
drinking-water. 

It  has  been  suggested  that,  instead  of  pure  lead,  alloys  of  lead  and 
tin  should  be  employed  for  service  piped  to  avoid  danger  from  le^d 
poisoning.  With  the  object  of  discovering  how  far  such  alloys  would 
prevent  the  occurrence  of  erosion,  the  experiments  set  forth  in 
Table  XIV.  were  undertaken. 


^     98al4. 
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TablbIXIV. 

Showinn;  the  Epkeot,  an  regards  Erosion  of  Lbad,  of  the  AonON 

of    XXX  DisTii.LKU  Water  upon  Allots  of  Lbad  and  Tin. 

[The  lead  was  prepared  in  the  usual  manner,  and  the  pieces 

(1  X  i")  completely  suhmerged.] 


.Vo. 


Description  of  Experiment. 


Renivks. 


Febrnary  SSrd.  1896  :— 

C  (a.)  10  C.C.  XXX  in  texr.  tube  with  lead  1  x  \'\ 
lib.)  Same  as  (a). 
tie.)  Same  as  (a),  bat  alloy  of  lead  with  2  per 

<  cent.  tin. 
M<l.)Sameaa(c). 

{(e.)  Same  as  (a),  hnt  alloy  ot  lead  with  4  per 
cent.  tin. 
(/.)  Same  as  (0). 
C  iff,)  Same  as  (a),  but  alloy  of  lead  with  •>  per 

<  cent.  tin. 
L(h.)  Same  as  (^). 

{(«'.)  Same  as  (a),  but  alloy  of  lead  with  10  ))er 
cent.  tin. 
U-)  Same  as  (t). 
March  1st.  1895  :— 
la.)  10  CO.  XXX  in  tes*-  tube  with  lead  1  x  i" 
(b.)  Same  as  (a),  but  allo,v  of  lead  with  2  per 

cent.  tin. 
{c.)  Same  as  (a),  but  alloy  of  lead  with  4  per 

cent.  tin. 
{d.)  Same  as  (a),  but  alloy  of  lead  with  6  per 

cent.  tin. 
(e.)  Same  as  (a),  but  alloy  of  lead  with  10  per  i 
cent.  tin. 


In  (a)  and  (6)  action  com- 
menced at  once  and  was 
progressive  in  ehararter. 

Similar  action  in  c.  d,  t,  j. 

Slif^ht  action  g,  h. 

Mo  action  in0,/. 

February  26th.  1896.  Lead 
removed  and  acid  added. 


In  (a)  action  commenced 
at  once  and  was  prof^res- 
8 i vein  character. 

Action  in  6,  d,  e. 

No  action  in  (c). 

March  4th.  1895.  Lead 
removed  and  acid  added. 


Total 
Lead  Salt 
(parts  per 
100.000). 


S} 

:} 
■•} 


a.)   6- 

(A.)  4 

(i.)  6-0  ) 

(a.)  10  ft 
\b.)    5-0 

{c.)  Trace. 

(d.)  5-0 

{e.)  5*0 


The  results  seem  to  show  than  an  aUoy  of  lead  with  4  per  cent,  of 
tin  almost  completely  prevents  erosion,  but  that  2  per  cent,  is  not 
sufficient  for  this  purpose.  Curiously,  a  4  per  cent,  alloy  seemed  to  be 
more  satisfactory  than  a  6  per  cent.,  and  much  better  (according  to  one 
experiment)  than  a  10  per  cent,  alloy. 

By  way  of  determining  whether  or  not  the  progressive  character  of 
erosion  is  heightened  by  free  exposure  of  the  surface  of  the  water  to 
atmospheric  air  the  experiments  given  in  Table  XV.  were  undertaken. 

Table  XV. 

Showing  the  Action,  as  regards  Erosion  of  Lead,  of  XXX  Distilled 
Water  npon  Bright  Sheet  Lead — (a)  in  Beakers  completely 
filled  and  expose  I  to  the  Air ;  (b)  in  Beakers  completely  filled  and 
the  Air  excluded. 


'5 


Description  of  the  Experiment. 


February  End,  1896.     Beakers  open  to 

theur. 
r  (a.)  18  CO.  XXX  distilled  water  in 
I       small  beaker  (completely  fall)  with 
i      leadlxi^ 
I    ib.)  Same  at  (a). 
L  (c.)  Same  as  (a). 
February  2nd,  1895.    As  above,  but  air 

excluded. 
f  {d.)  Same  as  (a),  but  a  piece  of  glass 

i      placed  on  the  top  of  the  beaker  and 
m  such  a  wi^  as  to  exclude  air 
bubbles. 
U,)  Sameaafd). 
(f.)  Same  as  V). 


Remarks  as  to  Erosion. 


It  WAS  noted  that  the  lead  salt  was 
deposited  in  rings— in  the  case  of 
the  exposed  beakers  ( Experiment  1 
(a),  (0),  (c))  the  rings  were  double 
and  near  the  centre  of  the  beaker 
—in  the  case  of  the  covered 
beakers  [Experiment  2  (d),  («), 
(/)]  the  rings  appeared  on  the 
covering  glass. 

February  18th,  (a),  {d)  tested. 
21st.  (b),  ie)       „ 
»r<l,(o).(/)     „ 


Total 

Lead  Salt 

(parte  pel 

I   100,000). 


(a.)  25*0 


(6.)  20*0 
(<?.)  60-C 
(d.)  lO'O 


U.)     6-0 
(/.)  15*0 
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It  wiN  be  noted  that  the  ultimate  amount  of  lead  salt  produced  by 
progressive  erosion  was  greatest  where  the  surface  of  the  distilled  water 
was  freely  exposed  to  the  air. 

The  following  table  (Table  XVI.)  shows,  as  regards  erosion  of  lead, 
the  influence  of  the  amount  of  oxygen  in  XXX  distilled  water.* 

Table  XVI. 

Showing  the  Influence,  as  regards  Ebosion  of  Lead,  of  the  Amount 
of  Oxygen  in  XXX  Distilled  Water. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'^)  completel}- 
submerged.] 


Total 

No. 

Description  of  the  Experiment. 

Beroarks. 

Lead  Salt 

ioo.ooi!)' 

1 

February  5th,  1896:— 
(a.)  lOccXXX  distilled  water  in  test  tube 

Erosion    commenced    at 

with  lead  Ix  v. 

once  in  (a),  and  subse- 

(6.) Same  as  (a),  but  the  water  first  saturated 

quently    in    ic).     No 

with  oxygen.t 

nctlon  took  place  in  (6). 
(d)  even  after  several 
days. 

(c.)  10  cc'Shiplej  water  In  test  tube  with 

leadlxf. 

((2.)  Seme  as  (e) ,  but  the  water  first  saturated 

2 

with  oxygen. 
February  6th,  1895:— 
(a.)  Same  as  (a)  Experiment  1. 
(6.)  Same  as  (6)  Experiment  1. 

Same  remarks  as  in  Ex- 

(e.) SamessCe)  Experiment  1. 

periment  1. 

(d.)  Same  as  {d)  Experiment  1. 

S  i  February  18th,  1895:— 
1      (a.)  80  C.C.  XXX  distilled  water  in  test  tube 

Erosion    commenced    at 

(a.)  6'0 

with  lead  IK  v. 

once  in    (a)    and    the 

(b.)  Same  as  (a),  but  the  water  first  saturated 

action  was  progressive 
in  character.  The  other 

(6.)  0-6 

with  oxygen. 

Ic)  Same  as  (6). 

tubes  showed  no  action 

(c.)  ro 

id.)  Same  as  \b). 

except  for  a  transitory 
oloudineas  at  the  very 

id.)  0  6 

beginning.  After  S  hours 
ia),   (6).(c.)  (rf).  tested. 

4     February  18th,  1896  :- 

(a.)  10  CO.  XXX  distilled  water  in  test  tube 

Action  in  both  (a)   and 

(«.)  lO'S 

with  lead  Ixi". 

ic).    No  action  visible 

(6.)  Same  as  (a),  but  the  water  first  saturated 

in  (6). 

(6.)  ro 

1        with  oiygen. 

Febriuixy   19th,  (a).    (6), 

t      (r.)  Same  as  (ft),  but  after  saturation  with 
,         oxygen  washed  air  was  aspirated  through 

ic)  tested. 

(r.)  7-6 

the  water  for  i  hour. 

5  1  February  19th,  1895:- 

A   quantity   of   XXX    disUlled   water  was 

1         saturated  with  oxygen,  and  some  oi   the 

same  water  was  exhausted  of  air.    The  two 

Action  took  place  in  (a). 
No  action  visilplnin  (6). 
After  $  hours   (A).  (6) 

were  mixed  together  in  the  following  pro- 

tested. 

portions:— 

(fl.)  2*5 

1               8  c.c.  XXX  saturated  with  oxygen. 

1            (ft.)  5  C.C.  XXX  exhausted  of  air  with 

.  iP.)  ro 

1               5  CO.  XXX  saturated  with  oxygen. 

6  .  February  19th.  1896:— 

A  quantity  of  XXX  distilled  water  saturated 

Action  commenced  at  once 

with  oxygen  and  a  portion  kept  in  (a)  a 

in   id).    No  action  was 

bottle  completely  filled  and  stoppered,  and 
another     portion    kept    in     (6)   a    wide 
mouthed  bottle,  only  partially  filled  and 

visible  in  (c). 

February  86th,   ic).    id) 

tested. 

unstoppered. 
February  aJJth  :- 

(c.)  10  O.C.  of  (a)  water  in  test  tube  with  lead 

(o.)     0-6 

Vx  V  and  stoppered. 
id,)  10  cc  of  (I)  water  in  test  tube  with  lead 

id,)  10-0 

1        IxV  and  stoppered. 

I 

t  The  oxygen  was  generated  either  by  heating  together  KClOs  and  MnOt  or  by  adding 
HCl  (80  per  cent .)  to  a  mixture  of  BaO«  (2  parts)  and  MnOt  (1  part). 

*  In  eKpariments  1  and  S  (c)  and  (<0  Shipley  water  (an  aeid  moorland  water)  is 
alio  MxwidMMd.     • 

o  2 
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Table  XVI. — continued. 


No., 


Description  of  the  Experiment. 


Remarks. 


ToUil 
Lead  Salt 
(parts  per 
100,000). 


February  20th,  1895  :— 
I      (a.)  10  cc.  XXX  distilled  water  in  test  tube 

with  lead  1  x  i". 
I      (6.)  Same  as  (a),  but  the  water  first  fully 

aerated     by    pouring      from    one    bottle 

into    another    many  times,  and    shaking 

repeatedly. 
February  a0th,18J*3  :— 
(a.)  1    0.0.  aXX  distilled  water  (saturatol 

with  oxygen)  +  9  cc.  XXX  distilled  water 

(saturated  with  hydrogen)    in    test  tube 

with  lead  Ix  v. 
(6.)  Same  as  (a),  but  2c.c.  "  oxygen  water '* 

+  8  ex.  ••  hydix^n  water.** 
ic.)  Same  as  (a),  but  6c.c.  "  oxygen  water " 

+  5  cc, "  hydrogen  water." 
February  25th.  1895:- 
(a.)  10 CO.  XXX distilled  water  (fully  aerated) 

+  0  in  test  tube  with  lead  1  x  i". 
(6.)  8  cc.  XXX  distil Ivdd  water  (fully  aerated) 

+  2  cc.  XXX  (exhausted  of  air), 
(c.)  6  cc.  XXX  distilled  water  (fUlly  aerated) 

+  5  cc.  XXX  (exhausted  of  air). 
id.)  4  cc  XXX  dUtilled  water  (fully  aerat^^d) 

4-6  CO.  XX.X  (exhausted  of  air). 
(e.)  2  cc  XXX  distilled  water  (fully  aerated) 

+  8  cc  XXX  (exhausted  of  air). 
March  16th.  1895:— 
A  quantity  of  XXX  distilled  water  SAtunite<l 

with  oxygen  and  a  portion  kept  in  {a)  a 

bottle  completely  flllnd  nnd  stoppered,  and 

another  portion  kept  in  (b)  a  wide  moutbcnl 

bottle  only  partially  filled  and  unstopi)erctl. 
March  20th  :— 
(c.)  10  CO.  of  (a)  water  in  test  tube  with  lead 

1 X  V  and  stoppered. 
id.)  10  cfe.  of  (6.)  water  in  test  tube  with  lead 

1 X  4"  and  stoppered. 


Action  commenced  at  once 

in  (a)  and  (6). 
After  3   hours,    (a),    (6) 

tested. 


Action  commenced  at  once 
in  (a),  (6).  No  action 
visible  in  (<?).  After  6 
hours  (a),  (A),  (r)  tested. 


I 


(a.)  lO'O 
(6.)  10-0 

(a.)  6'0 
(b.)  5-0 

(c)ro 


Action  in  all  tubes. 
Action  apparently  fairly 
equal  in  amount  in  (6), 
(?).(d),(*).  the  greatest 
action  was  observed  in 
(a). 


Action  commenced  at  once 
in  (d.)  No  action  was 
visible  in  (r). 

March 21st  {c),  (</), tested. 


(c)     0-0 
id.)  10-0 


la  the  first  three  experiments  it  is  shown  that  a  water  possessed  of 
conspicuous  erosive  power  practically  loses  that  power  if  the  water  be 
saturated  with  oxygen.  Experiment  4  shows  the  same  thing,  and  also 
that  ify  after  saturation  with  oxygen,  washed  atmospheric  air  be  aspirated 
through  the  water  for  half  an  hour,  tlie  ability  vigorously  to  erode  lead 
again  shows  itself.  Experiment  5  shows  that  a  mixture  in  equal 
proportions  of  XXX  distilled  water  (exhausted  of  air)  and  XXX 
distilled  water  (saturated  with  oxygen)  doe^  not  yield  a  liquid  showing 
much  appreciable  erosive  power ;  but  if  t  !i:'  proportion  of  the  former  to  the 
latter  be  as  about  4  to  1,  instead  of  as  1  d  1,  then  decided  erosion  takes 
place.  Experiments  6  and  10  show  tii.it  if  a  quantity  of  XXX  distilled 
water  be  saturated  with  oxygen  and  divided  into  two  portions,  the  one 
part  being  kept  for  a  few  days  in  a  completely  filled  and  stoppered 
bottle  and  the  other  in  a  partially  tilled  and  unstoppered  bottle  for  the 
same  length  of  time,  and  then  tested  for  erosion,  the  former  water, 
displays  little  or  no  erosive  ability,  whilst  the  latter  erodes  lead  iu 
vigorous  fashion.  Experiment  7  shows  that  XXX  distilled  water, 
fully  oxygenated  with  atmospheric  air  by  menns  of  pouring  and  shaking 
operations,  retains  all  its  original  power  of  crotling  lead.  Experiment  8 
shows  that  a  mixture  of  XXX  distilled  water  saturated  with  hydrogen 
and  of  XXX  distilled  water  saturated  with  oxygen,  allows  erosion  to 
take  place,  provided  the  proportion  of  "  oxygen  water"  to  '*  hydrogen 
water "  is  sufficiently  small ;  but  that  if  the  two  artificially  prepared 
waters  be  mixed  together  in  equal  parts  then  erosion  does  not  take 
place  to  any  extent.    Lastly,  Experiment  9  seems  to  show  that  a  XXX 
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distilled  water  need  not  be  by  anj  means  fuUj  aerated  to  allow  of 
erosion  taking  place. 

Table  XVlI.  shows,  as  i*egards  erosion  of  lead,  the  effect  of  leaving 
XXX  distilled  water  in  contact  with  lead  for  varying  periods  of  time. 

Table  XVII. 
Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  leaving  XXX 
Distilled  Water  in  Contact  with  Lead  for  varying  Periods 
of  Time. 
[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  \*')  completely 

submerged.] 


1 

Total 

No. 

Description  of  Experiment. 

Bemarks. 

Lead  Bait 

lOO^OC^ 

1     March  1st,  18&S:— 

1      10  C.C.    XXX    distilled     water 

M8rch4th,189S.  4  tubes  (a,  6.  cr,  d) 

a 

=  10-0 

1         (neutral)    in  each  of  12  test 

tested  for  amount  of  lead  action. 

b 

=  10-0 

tubes  {a,b,c,d,e,f,g.h,ij,k, 
1         0  with  lead  IX  v. 

c 
d 

=  10-0 
=  10-0 

March  7th.     4  tubes  («,  /,  a,  h) 
tested  for  amount  of  lead  aotlon. 

e 

=  20-0 

f 

=  ao'o 

1 

i 

=  ao'o 

. 

=  20-0 

1 

March  10th.     4  tubes  (i,  I  k,  I) 
tested  for  amount  of  lead  action. 

i 

=  40-0 

i 

=  80-0 

1 

=  80-0 

I 

=  80*0 

2     March  4th.  1895:- 

10  C.C.    XXX     dlBtilled     water 

The  tubes  were  tested  one  each  day 

(neutral)    in   each  of   12   test 

with  the  following  results  .— 

If^t^.'^t.V:''"-'-''''- 

March  6th  (a)     - 

a 

=  lO'O 

.,       Bth(6J. 

b 

=  ao'O 

„       7th  (tf)      - 

c 

=  20-0 

.,       8th  (d)  . 

d 

s  26-0 

' 

..       »thM     . 

e 

=  26*0 

..     10th  (/) 

f 

=  80*0 

.,     11th  (a)     - 

i 

=  80'0 

„     12th  (Xj. 

=  80*0 

,.     lSth«/      - 

i 

=  46*0 

„     14th  1/)- 

i 

=  40-0 

„     16th  (*)      - 

=  eo'O 

„      16th  (1)  -           - 

I 

=  06*0 

S 

March  nth.  1895:- 
10    C.C.    XXX     distilled     water 
(neutral)  in  each  of  4  test  tubes 
U  6.  c,d)  with  lead  Ixi". 

The  tubes  werc  tested  at  intervals 
of  16  minutes. 

After  15  minutes  (a)     - 

a 

=  2-0 

..      80       „        (b) 

b 

=  8-0 

,.     46       „        \e)    - 

e 

=  8-6 

„     CO       „         id)       . 

d 

=  6-0 

4 

March  nth,  1893:- 
10  C.C.    XXX     distilled     water 
(neutral)  in  each  of  4  test  tubes 
{a,b,c,d)  with  lead  IxV. 

The  tubes  werc  tested  at  intervals 
of  1  hour. 

Afterlhour  (a; 
»     2  hours  (6)  - 
..     3     „      Ic) 

a 

=  6-0 

b 

=  7-6 

e 

=  7-6 

..     4     ,.      (d)  - 

d 

=  8-8 

5 

March  15th.  1895:— 
10   C.C.    XXX     dibtjlled     water 
(neutral)  in  each  of  4  test  tubci) 
(a.  6.  c.d)  with  lead  1x4". 

The  tubes  were  tested  at  intervals 
of  15  minutes. 

After  16  minutes  (a)    • 

a 

=  2-6 

1           

„     30       „        \b)       - 

b 

=  3-0 

..      46        „         ic)    - 

c 

=  3-0 

..      60       „         id)       . 

d 

=  4-0 

6     March  18t  11.1895;- 

10  C.C.    XXX     distilled     water 

The  tubes  were  tested  at  intervals 

(neutral)    in   each  of  12  test 

of  1  week. 

tubes   {a,b,c,d,e,f,g,h,i,j,k. 

March  25th  (a)     - 

a 

=  £5'0 

0  with  lead  IX  r. 

April     1st  (6)  - 

b 

=  400 

8th  (r)      - 
15th  id) 
,.        22nd  («)     . 

c 

=  600 

d 

=  80-0 

e 

=  1200 

„        29th  (/) 

f 

=120*0 

May       6th  (a)     • 
7      13th  (X. 

I 

=  120-0 
=140*0 

„        20th  (»)      - 

i 

=100*0 

;             „        27th  Wl 

j 

^1600 

,        June     Srd  (k)     • 

k 

=  1800 

'            «       10th  (1). 

I 

=  180*0 
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The  resalts  dearly  show  how  daogerons  this  property  of  erosion  may 
really  be,  since  the  action  on  lead  is  progressive.  Experiments  3  and  5 
show  thaty  although  the  amount  of  lead  compound  formed  by  erosion 
be  not  doubled  when  the  duration  of  contact  is  30  minutes,  as  compared 
with  15  minutes,  nevertheless,  it  is  increased  two-fold  if  the  exposure 
be  about  one  hour.  Experiment  4  shows  that  two  hours'  as  compared 
with  one  hour's  contact  may  involve  a  60  per  cent,  increase  in  the 
amount  of  lead  compound  formed.  Experiment  2  shows  that  two  days' 
as  compared  with  one  day's  contact  sufficed  to  cause  100  per  cent, 
increase.  Experiment  6  shows  that  two  weeks  as  compared  with  one 
week  may  mean  almost  a  doubling  of  the  quantity  of  lead  eroded. 

In  Table  XYIII.  the  result  as  regards  erosion  of  lead  of  keeping  the 
experimental  tubes  exposed  to  light  and  protected  from  light  are  given. 


Tablb  XVIII. 

Showing  the  Action,  as  i<egards  Erosion  of  Lead,  of  XXX  Distilled 
Water  upon  Lead— (a)  in  the  Presence  of  Light,  (6)  in  the 
A.BSBNCB  of  Light. 

[Bright  sheet  lead  was  used,  and  pieces  (1  x  ^'0  completely 
submerged.] 


FebtaArra6th,188S:— 
(a,)  10  ex.  XXX  distilled  water  in  test  tube 

with  lead  IX  v. 
(6.)  10  CO.  XXX  distilled  water  in  test  tube 

with  lead  ixr. 
(c.)  10  O.C.  XXX  distilled  water  in  test  tube 

with  lead  IX  i"'. 
id,)  10  C.C.  XXX  distilled  water  in  test  tube 

with  lead  ix^'. 
(s.)  10  O.C.  XXX  distilled  water  in  test  tube 

with  lead  Ix^'. 
(/.)  10  OLC.  XXX  distilled  water  in  test  tube 

with  lead  lxV\ 
(y.)  10  CO.  XXX  distilled  water  in  test  tube 

with  lead  ix^'. 
(K)  10  ox.  XZX  distilled  water  in  test  tube 

with  lead  ix^'. 
ii.)  10  CO.  XXX  distilled  water  in  teat  tube 

withlmdlxV. 
(i.)  10  cc.  XXX  dieUlled  water  in  test  tube 

with  lead  ix  v. 
(a).  (A),  (c).  (d),  (0)  expowd  to  light. 
In,  iff),  (A),  (»).  U)  kept  in  darlmeu. 

March  15tb,  1805:— 
(a.)  10  cc.  XXX  distilled  water  in  test  tube 

with  lead  IxV. 
(6.)  10  CO.  XXX  distilled  water  in  test  tube 

with  lead  1  x  \". 
(c.)  10  CO.  XXX  distilled  water  in  teiit  tube 

with  lesdlxV. 
(d.)  10  cc  XXX  distilled  water  in  test  tube 

with  lead  IxV'. 
M  10  cc  XXX  distilled  water  in  test  tube 

withlesdlxV. 
(/.)  10  cc  XXX  distilled  water  in  test  tube 

with  lead  Ix^. 
(0.)  10  cc.  XXX  distilled  water  in  test  tube 

with  lead  Ix  I". 
(A.)  10  cc  XXX  distilled  water  in  test  tube 

with  lead  IX  i". 
(i.)  lOcc  XXX  distilled  water  in  test  tube 

with  lead  1x«''. 
ij.)  10  cc.  XXX  distilled  water  in  test  tube 

with  lead  1  x  4". 

(c?),  (d),  (tf)  exposed  to  light. 

(A).  (/).  U)  k9pt  in  darkuesN. 


Feb.  88th,  . 
Mar.  Isi,   (6; 

,.    fith, 

«   6th. 

•    7th. 


tested 


1.  iah  if) 


Mar.  16th. 
»  17th. 
..  18th. 
..    19th,    d).  \i\ 

..  mh.  «),  U) 


tested 


l.^:!^'). 


Total 
Lead  Salt 

(a.) 

10-0 

(6.) 

lS-5 

(c.) 

16-0 

(d.) 

16-0 

(«.) 

17-0 

(/.) 

10-0 

(y.) 

12-5 

(*.) 

lO'O 

«.) 

16-0 

(/.) 

17-0 

(a.) 

10 '0 

(6.) 

10-0 

{c.) 

10*0 

(d.) 

16-0 

{€.) 

16-0 

(/.) 

10-0 

io-) 

10-0 

{h.) 

10-0 

«.) 

10-0 

(j.) 

20-0 
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Tablb  XVIil.— coM^'iitied. 


Na  DeBcriplion  of  the  Experiment. 


Jantury  28th»  1696  :— 
(a.)  10  C.C.  X.XX  distilled  water  in  t«wt  tube 

with  lead  IX  v. 
(6.)  lu  cc.  XXX.  distilled  nrat^r  in  test  tube 

with  lead  IX  v. 
(r.)  10  CO.  XXX  distilled  water  in  test  tube 

with  lead  IxV. 
(d.)  10  cjc.  XXX  distilled  water  in  test  tube  I 

with  lead  ix  v. 
M  10  CO.  XXX  distilled  water  in  test  tube  I 

with  lead  ixr. 
(/.)  10  cc  XXX  distilled  water  in  test  tube  ' 

with  lead  IxV. 
(g.)  lOccXXX  listiJled  water  in  test  tube  ' 

withU^adlxV'. 
(A.)  10  cc  XXX  distilled  water  in  test  tube  | 

with  lead  1 X  k".  I 

(t.)  10  cc  XXX  distilled  water  in  test  tube 

with  lead  ixi"'.  t 

(J.)  10  CO.  XXX  distilled  water  in  test  tube 

with  lead  IxV. 
(a),  Ih),  (c),  d),  (e)  exposed  to  liicht. 
(/).  iff)*  (A).  (0.  (J)  kept  in  darkneas. 


Bemaiks. 


Feb.  1st.  {a),  (6). 
{dhie).  ifh  iff). 
(»).  U)  tested. 


/»i:i 


Total 
Lead  Salt 

(a.) 

s»-o 

(*.) 

ao-0 

(tf.) 

^'0 

(d.) 

aoo 

ie.) 

20-0 

(/.) 

15-0 

iff.) 

Ifi-O 

(h.) 

160 

(1.) 

200 

(>.) 

10-0 

February  1st,  1895:— 
fa.)  10  cc.  XXX  distilled  water 

with  lead  1  x  V'. 
{b.)  10  cc  XXX  distilled  wntt^r 

with  lead  Ixi". 
(c.)  10  cc  XXX  distilled  water 

with  lead  IX  i''. 
id.)  10  cc.  XXX  distilled  water 

with  lead  IxV. 
(e,)  10  cc.  XXX  distilled  water 

with  lead  1  xV\ 
C/.)  10  cr.  XXX  distilled  water 

with  lead  ixr. 
iff.)  10  CO.  XXX  distilled  water 

with  lead  IxV'. 
(A.)  10  cc  XXX  distilled  water 

with  lend  ixr. 
(t.)  10  cc.  XXX  distilled  water 

with  lead  IX  if'. 
ij.)  10  cc.  XXX  distilled  water 

with  load  IX  v. 
(a),  (6).  (c),  (dh  («)  exposed 
(f)A0)Ahh(ilU)  kept  in 


in  test  Lube     Feb.  4th, 

..    6th, 

in  test  tube        „    6th, 


in  test  tube 

in  test  tube 

in  test  tube 

in  test  tube  | 

in  test  tube 

in  test  tube 

in  test  tube 

in  test  tube 

to  light, 
darkness. 


(a),  if)  tested 
(6),  iff)       .. 

ioAh      „ 

id).  (»)        .. 
i«),ij)       ., 


(a.)  160 

(6.)  20  0 

(<?.)  I5*ft 

id.)  30-0 

ie.)  30-0 

(/.)  10-0 

iff.)  15*0 

(A.)  10-0 

(t*.)  26-0 

iJ.)  86-C 


It  will  be  freeD  that  the  tabes  exposed  to  light  showed,  oq  the  average, 
a  .slightly  greater  action  than  those  kept  in  darkness,  but  the  difiFerencc 
was  not  well  marked. 

In  Table  XIX.  the  results,  as  regards  erosion  of  lead  of  varying  the 
extent  of  lead  surface  are  set  forth. 
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Table  XIX. 

Showing  the  Result,  as  regards  Erosion  of  Lead,  of  varying  the 
Extent  of  Lead  Surface*  exposed  to  the  Action  of  XXX 
Distilled  Water. 

[Bright  sheet  lead  was  used,  aud  the  pieces  (1  x  i",  1  x  {'\  1  x  |") 
completel}  submerged.] 


lU^marks  as  to  Erosion. 


February  Ist,  1895:— 
10  c.c.  XXX  distilled  water  in  test  tube  with 

lead  1 X  V'. 
10  c.c.  XXX  distilled  water  in  test  tube  with 

IcadlxV. 
10  c.c.  XXX  distilled  water  in  test  lube  with 

lead  1 X  \". 
10  c.c.  XXX* distilled  water  in  test  tube  with 

leadlxi". 


February  1st,  1895:— 
10  CO.  XXX  distilled  water  in  test  tnl)e  with 

leadlx}''. 
10  C.C.  XXX  distilled  water  in  test  tube  with 

leadlxi". 
10  C.C.  XXX  distilled  water  in  test  tube  with 

leadlx*". 
10  C.C.  XXX  distilled  water  in  test  tube  with 

leadlxj". 

February  Ist,  1895  :— 
jO  c.c.  XX a  distilled  water  in  test  tube  with 

lead  IX  4". 
10  ().c.  XXX  distilled  water  in  test  tube  with 

leadlxi". 
10  C.C.  XXX  distilled  water  in  test  tube  with 

leadlxi". 
10  c.e.  XXX  distilled  water  in  test  tube  with 

leadlxV. 


The  pieces  of  lead  in  all  the 
experiments  were  placed 
upright,  the  only  differ- 
ence oeing  tliat  ihe  lead 
in  exi>criment  2  was  half 
the  width  of  the  lead  in 
exi)eriment  1,  and  the 
lead  in  experiment  3 
was  half  the  width  of 
the  lead  in  experiment 
2.  The  object  of  the 
experiment  was  to 
di.tormine  whether  the 
erosion  was  proportional 
to  the  load  surface  ex- 
|)or.ed. 

February  5th,  1896.  Dis- 
tinct action  in  all  the 
tubes.  Action  in  A,  B, 
C.  D,  greater  than  in  £, 
F,  G,  H.  Action  in  B, 
F,  6,  H,  comparable  to 
action  In  I.  J,  K,  L. 


February  5th.  Lead  re- 
moved, acid  added  to 
contents  of  tubes,  and 
amount  of  lead  esti- 
mated. 


Total 
Lead  Salt 
(parts  per 
100.000). 


A  20' 0 
B  20-0 
C  20 -0 
D  20-0 


E  15*0 

F15-0 

G  15*0 

H  16-0 

I  150 

J  15-0 

K160 

L  15*0 

•  The  thickness  of  the  sheet  lead  used  was  in  every  case  as  nearly  as  possible  uniform. 

It  will  be  noted  that  the  strips  of  bright  sheet  lead  were  all  completely 
submerged  and  all  1  inch  in  length.  The  width  varied,  however,  from 
\  inch  to  \  inch  to  \  inch.  Such  variations  did  not  suffice  to  bring  out 
to  any  appreciable  extent  a  diflerence  in  the  amount  of  lead  compound 
ibrmed. 

Attention  may  now  be  directed  to  certain  salts  which,  in  the  pro- 
portion of  0'  1  per  cent,  were  found  to  have  a  strong  inhibitory  action  as 
regai'ds  erosion.  These  results  are  shown  in  the  following  three  tables 
(Tables  XX.,  XXI.,  and  XXII.)  :— 
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Tablr  XX. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of 
Ammonium  Chloride  (NH^Cl). 

[Bright  sheet  lend  was  used,  and  the  pieces  ( 1  x  J")  completely 
Buhmerged.] 


No. 


Description  of  Experiment. 


,  August  20th,  18M:— 

(a.)  10  cc  XXX  in  test  tube  \»ith  lead  1  x  k'\ 
lb.)  10  c.c.  of  same  watw,  with  0*1  per  cent. 
NH4CI,  in  test  tube  with  lt«d  1  x  V. 


February  7th.  1896:- 
(a.)  10  cc.  XXX  in  test  tube  with  lead  1  x  \". 
ib.)  lOr.c  of  same  water,  with  O'l  per  cent. 
NH«C1.  in  test  tube  with  lead  1  x  iJ\ 


Ftbruary  nth,  1896  :— 
(a.)  10  C.C.  XXX  in  test  tube  with  lead  1  x  \". 
(6.)  10  cc.  of  same  water,  with  0*1  per  cent. 
NH4CI,  in  test  tube  with  lead  1  x  k". 


Remarks. 


Total 
Lead  Salt 
(parts  per 
100,000). 


I 


In  (a)  action  commenced 
at  once  and  was  pro- 
gressive in  character. 

In  (6)  vei7  alight  action, 
no  progressive  increase. 


In  (a)  action  as  usual. 
No  apparent  action  in  (6).  1 
February  9th.  1895.    Lead 
removed  and  acid  added. 


In  (a)  action  as  usual. 
No  apparent  action  in  (6). 

the     lead    being    well 

coated,  minute  crystals 

adhering. 
February      13th,      1895. 

Lead  removed  and  acid 


No  record. 


(o.)  10-0 

(6.)    ro 


(a.)  200 
(6.)    2-5 


Table   XXT. 

Showing  the  Effect,  as  regard  Erosion  of  Lead,  of  the  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of 
Magnesium  Sulphate  TMgSO^). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  |")  completely 
submerged.] 


No. 


Description  of  Experiment. 


October  17th,  1S94  :— 
la.)  10  cc.  XXX  in  teat  tube  with  lead  1  x  V 
(6.)  10  c.c.  of  same  water,  with  01  iM)r  cent. 

MgSO^«  in  test  tube  with  lead  lx\". 
(c.)  same  as  (6). 


February  7th,  1895:— 
(a.)  10  cc.  XXX  in  lest  tube,  with  lead  1  x  V 
lb.)  10  c.c  of  same  watv»r,  with  0*1  per  cent. 
Mg80«.  in  test  tul)e  with  lead  1  x  \". 


3     Febnuuy  Uth.  1803  :— 

(a.)  10  cc  XXX  in  test  tubes  with  lead  1  x  i" 
(6.)  10  cc.  of  same  water,  with  0*1  per  cent. 
MgSOf.  in  test  tube  with  lead  1  x  r. 


Remarks. 


Total 
Lead  Salt 
(parts  i)er 
I    100,000). 


In  (a)  action  commenced 
at  once  and  was  pro- 
gressive in  character; 
practically  no  action  in 
ib)  and  ic). 


In  (a)    action   as   usual. 

slight  action  in  (h). 
February  9th,  1895.   I^ead 

removed  and  acid  added. 


In  (a)  action   as   usual; 

slight  action  in  (6). 
February  13th,  1895.  Lead 

removed  andaeid  added. 


No  record. 


(a.)   10-0 
(6.)      2-5 


I.)  20* 
i,)    2" 
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Tab^b  XXII. 

Showing  the  Effect,  as  regftrds  Erosioit  of  Lcad,  ff  the  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Chloride  (NaCl). 

[Bright  sheet  lead  whs  used,  and  the  pieces  (1  x ^'0  completely 
submerged.] 


Xo.  Description  of  Experiment. 


August  20th.  1894:— 
(a,)  10  c.c.  XXX  in  (est  tube  with  lead  Ix*". 
(6.)  lOe.e.  of  same  water,  with  0*1  per  cent. 
NaCI.  in  test  tube  with  lead  1  x  V. 


2      February  7th.  lb»8  :— 

I      (a.)  10  C.C.  XXX  in  test  tube  with  lead  IX  i''. 
I      (6.)  10  C.C.  of  same  water,  with  O'l  per  cent. 
NaCl.  in  test  tube  with  lead  1  x  V'. 

:j      February  1 1th.  1806  :— 

(a,)  10  C.C  XXX  in  test  tube  with  lead  1  x  i». 

(6.)  10  C.C.  of  same  water,  with  0*1  per  cent. 

NaCl.  in  test  tube  with  lead  1  x  \". 


Total 
Lead  Salt 
(parts  per 
100.000). 


Not 
recorded. 


Remarks. 


In  (a)  acf'ion  commenced 
at  once  and   was  pro-  i 
gressive  in  character. 

No  action  in  (6). 


In  (a)  action  as  usual.        •      (a.)  Id'O 
No  apparent  action  in  (6).    (6.)  Tivce. 
February  Otb,  1895.    Lead  , 
removed  and  acid  added,  i 


In  (a)  action  as  usuaL         -      (a.)  80*0 
No  apparent  action  in  (6).  '  (b.)  Trace. 
February  13th,  1896.  Lead  > 
removed  and  acid  added. 


It  win  be  seen  from  the  above  tables  that  ammonium  chloride, 
magnesium  sulphate,  and  sodium  chloride  acted  as  strong  '*  plumbo- 
protective"  siibstanoes. 

Calcium  sulphate  (saturated  solution)  also  acted  as  an  inhibitory 
agent,  but  not  to  nearly  the  same  extent.  The  results  are  given  in  the 
following  table  (Table  XXIII.)  :— 


Table  XXIII. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  addition 
to  XXX  DiSTiLLKD  Water  of  Measured  Quantities  of  Calcium 
SULPHATB  (CaSO^). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  4")  completely 
submerged.] 


No. 

Desonption  of  Experiment. 

Reaction, 

Remarks. 

Total 
Lead  Salt 

1 
2 

Auj^u8t20th.  1»H.— 

(rt.)  10  c.c.  XXX  in  test  tube 
with  lead  IxV'. 

(6.)  10  C.C.  of  same  water,  satu- 
rated with  CaSO^  in  test 
tube  with  lead  I  xV. 

August  20th,  189-4  :— 
(a.)  10  cc.  XXX  in  test  tube 

with  lead  ixi*. 
(6.)  1  CC.  of  saturated  solution 

CiSO«addedtolOcx.of 

same  water,  in  tedt  tnba 

withlMdlKr. 

Neutral      • 
Neutral      - 

M 

Action  com  menoed  at  once 

charBct<>r,  but  was  not  so 
decided  in  (6)  as  in  (a). 

Action  commenced  at  once 
and  was  progressive  in 
character,  but  was  not  so 
decided  iu  (6)  as  in  (a). 

No  record. 
No  record. 
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TaBLB    XXni.— €Ofl#tflff€d. 


No.  I        Description  of  Experiment. 


Reaction. 


I  December  Uth.  1894:—  | 

I      (a.)  lu  C.C.  XXX    shaken  and  ;  Neutral 
I  filtered,  in  test  tube  with 

I  ieadlxV.  ! 

I  (A  10  cc.  of  same  water,  satu- 
rated with  CaS04.  shaken 
and  filtered,  in  test  tube 
with  lead  1  x  \". 

January  17th,  1805  :— 

( (a.)  10  C.C.  XXX  fihaken   and     Neutral 
3  filtered,  in  test  tube  with 

1  leadlx^'. 

Lib.)  Same  as  (a). 

((e.)  10  C.C  of  same  water  4-0*1 
per  cent.  CaSO«.  shaken 
and  filtered,  in  test  tube 
with  lead  IxV'. 
id)  Same  as  (c). 


Remarks. 


Action  commenced  at  once 
and  was  progressive  in 
character,  but  was  not  so 
decided  in  (6)  as  in  (a). 

December  17th  1894.  Lead 
removed  and  acid  added. 


Action  commenced  at  once 
and  was  nroKre&sive  in 
I  character,  out  was  not  so 
I  decided  in  (c)  and(  d) 
!  ss  in  (a)  snd  (6).  (a) 
I  and  (c)  tested  Jan.  18th; 
I  (6)  and  {d)  tested  Jan. 
I      22nd. 


Total 
Lead  Salt 
(parts  per 
100,000). 


(a.)  16-0 


(6.)  4*0 


(a.)  15'0 


(6.)  SO'O 
(c.)  5-0 


.  (d.)  1 


The  following  salts  in  the  proportion  of  0*1  per  cent,  gave  usually 
the  appearance  of  increased  erosive  action,  viz.,  sodium  nitrate,  sodium 
nitrite,  potassium  nitrate,  and  potassium  nitrite.  But  on  estimating 
the  amount  of  lead  compound  formed  no  difference  could  be  observed 
between  the  waters  treated  with  these  salts  and  the  control  experiments. 
Indeed,  in  the  case  of  a  single  experiment  with  potassium  nitrite,  a 
decrease  of  action  was  noted.  These  results  are  shown  in  the  following 
tables  (Tables  XXIV.,  XXV.,  XXVI.,  and  XXVII.). 


Table  XXIV. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Nitrate  (NaNOs). 


No. 


I 


Description  of  Experiment. 


October  17th,  1894:— 
{a.)  10  c.c.  XXX  in  test  tube  with  lead  1  x  i". 
lb.)  10  cc.  of  same  water,  with  O'l  per  cent. 

NaNOa,  in  test  tube  with  lead  1  x  \". 
(c.)  10  CO.  of  same  water,  with  O'Ol  per  cent. 

NaNOs,  in  test  tube  with  lead  1  x  V'. 


October  28th,  18M  :— 
(a.)  10  r.c.  XXX  in  test  tube  with  lead  1  x  4". 
lb.)  10  cc.  of  same  water,  with  0*1  _p»?r  cent. 

NaNOa,  in  test  tube  with  lead  Ixi". 
(<?.)  10  c.c.  of  same  water,  with  O'Ol  per  cent. 

NaNOj.  in  test  tube  with  lead  1  x  i". 


February  12th.  1895:— 
(a.)  10  0.1*.  X]C  X  in  tesv.  tube  with  lead  1  x  4". 
(6.)  lOcc.  of  same  water,  with  0*1  per  cent. 
NaNOs.  in  test  tube  with  lead  1  x  V. 


Remarks. 


In  (a)  action  commenced 
at  once  and  was  pro- 
gressive in  character ;  in 
(6)  and  (c)  action  was 
apparently  greati^r than  i 
in  case  of  (a).  | 


In  (a)  action  as  usual; 
action  was  apparently 
gix?ttter  in  {b)  and  (t?) 
than  in  cam)  of  (a). 

October  28tb,  18iW.  Lead 
removed  and  acid 
added. 


Total 
Lead  Salt 
(parts  per 
100,000). 


No  record. 


(a.) 
ib.) 


2-5 
2-6 


(f.)  2-5 


)n  as  usual,  '  (a.)  lO'O 
pparentiy  ,  (6.)  10*0 
(o)  than  in 


In  (a)    action 

action  a 

greater  in 

case  of  (a). 
Febnuuy  18th,  1894.   Lead 

removed       and      acid 

added. 


Digitized  by  VjOOQIC 


44 


Table  XXV. 


Showing  the  Action,  as  regards  Erosion  of  Lead,  of  the  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Nitrite  (NaN02). 


No. 


Description  of  Kxperiment. 


Remarks. 


Total 
Salt 


(part* 
100," 


rtaper 
1.000). 


October  mh.  1894:— 
(a.)  10  C.C.  XXX  in  test  tube  with  lead  1  x  V 

{(6.)  10  CO.  of  same  water  with  0*1  per  cent. 
NaNOi.  in  test  tube  with  lead  1  x  V'. 
(c.)  sametui  (6). 


Octol)er8Sth,1894:— 
(a.)  10 CO.  XXX  in  test  tube  with  lead  Ix  V 
(6.)  10  c.c.  of  same  water,  with  0*1  per  cent. 

NaNOs,  in  test  tube  with  lead  1  x  ^ ". 
(e.)  10  c.c.  of  same  water,  with  O'Ol  per  ami. 

NaNOfc  in  test  tube  with  lead  1  x  i". 


February  13th.  1805:— 
(a,)  10  cc  XXX  in  test  tube  with  lead  1  x  V 
(6.)  10  c.c.  of  same  water,  with  0*1  per  cent. 
NaNOt.  in  test  tube  with  lead  I  x  V. 


In  (a)  action  oonunenoed 
at  once  and  was  progres- 
sive in  character ;  action 
also  in  (6)  and  (c),  and 
apparently  rreater  than 
in  case  of  (a). 


In  (a)  action  as  usual ; 
action  apparently  great- 
er in  (fj)  and  (c)  than 
ill  case  of  (a). 

Octolier  28th,  1894.  Jjead 
removed  and  acid  added. 


In 


No  record. 


(ft.) 
(6.) 


2*5 
2*6 


(o.)  a-5 


(a)    action   as  usual ;       fa.)  15*0 
action  also  in  (6).  \    (6.)  16*0 

February  lith,  1895.  Lead 
removed  and  acid  added. 


Table  XXVI. 


Showing  the  Effect,  as  regards  £rosion  of  Lead,  of  the  addition  to 
XXX  Distilled  Water  of  Measured  Quantities  of  Potassium 
Nitrate  (KNO3). 


Total 

No. 

Description  of  Experiment. 

Remarks. 

Lead  Salt 
(parts  per 
100.000). 

1 

October  19th.  1894:- 
(a.)  10  cc,  XXX  in  test  tube  with  lead 
ixi". 
C  (6.)  10  cc.  of  same  water,  with  0"  1  per  cent. 
^                KNOj.  in  test  tube,  with  lead  1  x  i". 
(.  (c.)  Same  as  (6). 

In  (a)  action  commenced 
at  once  and  was  propnes- 
sivo  in  character.    Action 
apparently  greater  in  (6) 
and  (c)  than  in  case  of 
(a). 

No  record. 

2 

February  lath,  1895:— 
(a.)  10  cc,  XXX  in  test  tube  with    lead 

1  X  i". 
(6.)  10  c.c.  of  same  water,  with  0*1  percent. 

KNO3,  in  test  tube  with  lead  1  x  i". 

In     (a)    action    as    usual. 
Action  apimifiitly  greater 
in  (b(  than  in  case  of  (a). 

February  18th.  1895.    Lead 
removed,  and  acid  adderl. 

(a.)  10-0 
(6.)  10-0 
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Table  XXVII. 

Showing  the  Effect,  as  regnrds  Erosion  of  Lead,  of  the  addition  to 
XXX  Distilled  Water  of  Measured  Quantities  of  Potassium 
Nitrite  (KNOg). 


No. 


Description  of  Experiment. 


OcstoberlWh,  18»4:—  ' 

(a.)  10  cc.  XXX  in  test  tubo  with  lead 

ixi". 
((.)  10  cc.  of  same  water,  with  0*1  per  cent. 

KXO»  in  test  tube  with  lead  1  x  i".   ; 
(c.)  Same  as  (6). 

Febniaiy  13th,  1895 :—  ! 

(a.)  10  cc,  XXX  in  test  tubt\  with  lead 

IxV. 
(6.)  10  cc.  of  same  water,  with  0*1  per  cent. 

KNOa,  in  test  tubo  with  lead  1  x  V'. 


Remarks. 


In  {(I)  notion   commencod 
at  onco.  andwas  progrtH-  ' 
sive  in  character.    Action 
also  in  (6)  and  (c). 


In    (a)    action    as    usiml. 

Action  also  in  (6). 
February  14th,  1S95,  lead  re- 

mov(>d,  acid  added,  and 

lead  estimntrMl. 


Total 
Lead  Salt 
(parts  per 
100.000). 


No  record. 


(n.)  15-0 
(6.)    6-0 


Ammonium  nitrate,  ou  the  other  hand,  in  the  proportion  of  0*1  per 
cent.,  brought  about  a  marked  increase  of  erosion.  These  results  are 
shown  in  the  table  (Table  XXVIII.)  which  follows. 

Table  XXVIII. 

Showing  the  Effect,  ns  regards  Erosion  of  Lead,  of  the  atldition 
to  XXX  Distilled  Water  of  Measured  Quantities  of 
Ammonium  Nitrate  (NH4NO3). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  J'O  t'ompletely 
submerged.] 


No.  Description  of  Experiment. 


Augait20tb.l8&4:— 

(a.)  10  cc  XXX  in  test  tube 
with  lead  IxV'. 

(6.)  10  cc  of  same  water  +  0*1 
per  cent.  NM^NOs  in 
test  tube,  with  lead  I  x  \". 

I  October  17th,  1894:— 

{a.)  10  cc  XXX  in  test  tubo 
'  with  U-ad  1  x  \". 

{b.)  10  cc  of  same  watf-r  +  O'l 

,  per   ciMit.    NHiNOs    iit 

test  tJil>'  with  liiul  I  X  \". 

(c.)  Same  as  (/j). 

,  October  2»<tb,  18M  :— 

'      (a.)  10  cc  XXX  in  test  tube. 

with  lead  Ixi". 

(&.)  10  cc  o:  same  water,  +  0*1 

pci'    c<;nt.     XH^NO.i  in 

test  lube  with  letid  1  x  i". 

(r.)  10  cc  of  same  w«ter  +  OOl 

l>er    cent.    NU^SOj    iu 

test  tube  witli  If  ad  1  x  i". 


Neutral 


Neutral 


Neutral 


Total 

Lead  Salt 

(parts  per 

100,000). 


(a.)  Action     commenced    No  record. 

at   I'lice  and  was   pro-  . 

gressive    in   character;  ■ 

action  iu  (i),  however, 

was  considerably 

greater  than  in  case  of 

(a).  I 

(a.)  Action     commenced     No  record. 

at  once  and  wan  pro- 

KTCssivo    in    character: 

action    in  (6)  and    (c), 

howevei",  was  consider- 
ably  greater    than    in 

cHseof  (rt). 

{n,)  yVction     commonc(Hl     (a.)    2*3 
at  once  and   was   pro- 
gressive  in    characti»r;      {fj.)  2(i'.> 
action  in   (Ij)    and  (r), 
however,  was  eonsider- 
ably  grt'ater  proportion-      (r.)     5*0 
ally  than  in  case  of  («). 

()ctoi)er    28th.    Lead   re- 
moved and  acid  addKi. 


4 

Pebmary  12th,  1805:- 

(rt.)  U»  cc  XXX  in  test  tulie 
with  lead  1  x  \". 

(ft.)  10  cc  of  same  water,  with 
O'l  percent.  NU*N03in 
test  luSe  v;:th  leatl  1  x  ^\ 

No.itml       - 

(a.)  Action  eommeuceil 
at  oucij  an<l  was  pro- 
gressive in  ehai-acter. 

(6.)  Very  great  action, 
apparently  considt  nibly 
greater  than  in  case  of 

February      ISth,       18M. 
Lead  removed  and  acid 
added. 

i'l.)  100 

(/>.)  7d'0 
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In  the  following  table  (Table  XXIX.)  the  effect  is  shown,  as  regards 
erosion  of  lead,  of  shaking  XXX  distilled  water  with  silica,  and  then 
filtering  it. 


Tablk  XXIX. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  tlie  addition 
to  XXX  Distilled  Water  of  Measured  Quantities  of  Silica 
(SiO,). 

[Bright  sheet  lead  was  used,  and  t!ie  pieces  (1  x  J")  completelj 
submerged.] 


' 

Totil 

No. 

Description  of  Exporimrnt. 

Rcacti«)n. 

Remarks. 

Lead  Salt 
(parts  per 

1ilO,00(t.) 

1      0<iober30lh,  lS0t:- 

(fI.)   10  ex.    XXX.  8li:ik(Mi  mill 

Nt'itnil 

Alt  ion      com  :  cncd     at 

(«.)   L-S-O 

filtored,    in     tost     tube 

once   and  was  profn^s- 

"                 with  lead  IxV'. 

sive  in  character.  Action 

j      (6.)  10  C.C.  of  same  waUir  +0*1 

in  (b)  same  an  that  in 

(6.)  15-0 

1                 per  cent.   SiDf   shaken 

(«.) 

i                 and  filtered,  in  test  tube 

C)ctol)er.  31st.  1«94.     Tiead 

with  lead  IxV'. 

i 

rr;moved  and  acid  addcMl. 

2 

November  12th,  1894:— 

(a.)  10  c.e.  XXX,  shaken  and 

Neutral 

Action     commenced     at 

(a.)  .30-0 

filtered,  in  test  tube  with 

once  and  wrw  prof?r.»s. 

lead  1x4". 

sivein  character.  Action  , 

(6.)  lOcc.  of  same  water  +0*1 

H 

in   (6)  same  as  that  in 

(b.)  30-0 

per   cont.    SiOx.   shaken 

(a.) 

and  filtered,  in  test  tube 

Novemljer      14th.      1894. 

with  lead  1  x  \", 

Ijead  renjovt^i  and  acid 
added. 

3 

December  14th.  18d4:- 

(a.)  10  c.c.  XXX.  shaken  and 

Neutral 

Action     commenc(>d     at  ■ 

(a.)  lB-0 

filtenid,  in  test  tube  with 

once  and  wna  pro;^re8- 

lead  IX  4". 

•jive  in  character.  Action 

(ft.)  10  c.c.  of  same  water  +01 

„ 

in  (6)  same  as  that  in 

(6.)  15-0 

per   c<ent.    SiOf,   shaken 

(a.) 

and  filtered,  in  test  tube 

December      17th.      1804. 

with  lead  ixr. 

Lead  removed  and  acid 
added. 

Silica  is  insoluble,  or  relutivol}-  so;  neveitheless,  it  was  thought 
desirable  to  carry  out  the  above  experinieuts  to  see  whether,  under  tJie 
conditions  of  the  experiment,  any  differences  as  regards  erosive  ability 
could  be  detected.  As  might  have  been  anticipated  no  altei'ation  in 
the  erosive  power  of  the  water  was  produced  by  contact  with  the  silica. 

The  effects,  as  regards  erosiuu  of  lead,  of  the  addition  to  XXX 
disiilled  water  of  acids  (mineral  acids  and  water  containing  dissolved 
carbonic  acid)  are  shown   in   the  following  tables   (Tables  XXX.  and 

xxxr.). 
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Tablb  XXX. 

Shovnng  the  Effect,  as  regards  Ebosiom  of  Lbad,  of  adding  Mbasubbd 
QuANTiTiBs  of  Sulphubic  Acid  (HjSO^),  Hydbochlobic  Acid, 
(HCl),  and  Nitbio  Acid'CHNOs)  to  XXX  Distilled  Wateb. 

[Bright  sheet  lead  was  ased,  and  the  pieces  (1  x  Y')  completely 

suhmerged.] 


No. 


DeBcription  of  the  Bxperiment. 


Februanr  16th,  1896  :— 
(a.)  10  C.C.  XXX  distilled  water  -f  0  in  test 

tube  with  lead  ixi". 
(b.)  10  CO.  XXX  distilled  water  +1  per  cent. 

^  HaSO«  in  test  tube  with  lead  1  x  ^". 
(c.)  10  C.C.  XXX  distilled  water  +0*1  per  cent. 

^  H,804  in  test  tube  with  lead  1  x  k". 
(d,)  10c  c.  XXX distilled  water  4-0'01  percent. 

^  Hc804  in  test  tube  with  lead  1  x  \". 
{€.)  10  C.C  XXX  distilled  water  +  1  per  cent 

^  HCl  in  test  tube  with  lead  1  x  ^'. 
(/.)  10  cc  XXX  distilled  water  -l-O*  1  per  cent. 


10 


HCl  in  test  tube  with  lead  1  x  k". 


(p.)  10  0.C  XXX  distilled  water  4-0*01  per  orait. 

^  HCl  in  test  tube  with  lead  1  x  i". 
f  (h,)  10  cc.  XXX  distilled  water  +1  per  cent. 

^  HNO,  in  test  tube  with  lead  1  x  V'. 
(i.)  10O.C.  XXX  distilled  water  +0*1  per  cent. 

^  HNO»  in  test  tube  with  lead  1  xf. 
(i.)  lOcc  XXX  distilled  water  +0*01  per  cent. 

~  HNO,  in  teat  tube  with  lead  1  x  V. 

April  18th.  18D6:— 
(a,)  10  oc.  XXX  distilled  water  +  0  in  test 

tube  with  lead  IX  v. 
(6.)  10 c^.  XXX  distilled  water  +1  percent. 

^  H,80«  in  test  tube  with  lead  1  x  V'. 
(cr.)  10 cc  XXX distilled  water  +0*1  per  cent. 

n 


10 


HsS04  in  test  tube  with  lead  1  x  V'. 


(d. )  10  cc  XX  X  distilled  water  +  0  '01  per  cent . 

Yq  H,S0«  in  teet  tube  with  lead  1  x  \'\ 
f  {e.)  lOcc.  XXX  distilled  water  +1  per  pent. 

1^  HCl  in  test  tube  with  lead  1  x  f. 
(/.)  10  cc.  XXX  distilled  water  +0*1  per  cent. 


10 


HCl  in  test  tube  with  lead  1  x  V'. 


(g.)  10  cc.  XXX distilled  water  -I-  O'Ol  per  cent. 


10 


HOI  in  test  tube  with  lead  1  x  k". 


ih.)  10  cc  XXX  distilled  water  +1  per  cent. 

^  HNO,  in  test  tube  with  lead  1  x  i". 
(i.)  10  cjB,  XXX  distilled  water  +0*1  per  oent. 

^  HNO,  m  teat  tube  with  lead  1  x  V'. 
(/.)  lO&c  XXX  dirtilled  water -l-0-OlperoMit. 

^  HNO^ in  tert  tube  with  lead  lx\". 


Remarks  as  to 
Brosion. 


Total 
Lead  Salt 
(parts  per 
100,000). 


Erosion  began  at  once  in 
(aj,  later  in  (d),(fl;),f  " 
still  later  in  (c),(/)  J 
lastof  all  in  (6),  («),(»/. 

February  2ftth,lSfM(.  Lead 
removed,  acid  added  to 
contents  of  tubes,  and 
amount  of  lead  esti* 
mated. 


April  20th,  1895.  Distinct 
action  in  all  the  tubes. 
Action  appareutiy  least 
in  (6).  Ce)7{h).  Lead 
removed,  acid  added  to 
contents  of  tube^,  and 
amount  of  lead  esti- 
mated. 


(a.)  80-0 

(6.)  10-0^ 

(c)  WO 

(d.)  80-0 

M  20-0-. 

(/.)  20-0 

iff.)  30-0- 

(*.)  25-0^ 

(t.)  26-0 

(i.)  20-0- 

(a.)  40*0 

(6.)   16-0^ 

(<?.)  8()-0 

(d.)  ao'oJ 

(«.)  20'O^ 

(/.)  80-0 

(a.)  30-0- 

(h,)  90-0- 

(<.)  80-0 

U.)  80-0- 
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Table  XXX. — continued. 


X(.. 


Dcsfriptioii  of  tlu  Eiporiiuent. 


I     Octol)erl8th,  18JU:- 

(«.)  10  C.C.  XXX  distilled  water  4  0  in  test 
,         tiil)e  wit'i  l«nd  1  X  \". 
r  (6.)  lOc.c.XXXdiHtillcd  water +0-lperc'nt. 

,  I       ^^j  ITmSOi  in  test  tube  with  leud  I  x  V'. 

]    (c.)  lOcc.  XXX  distilled  water  +0'01  pcrct-r.t. 

I.      jQ  Ha'^O*  in  test  tube  witji  lead  1  x  V. 

C  (d.)  10  CO.  X  XX  distil  led  wnterh  0-1  per  cent. 


10 


UCl  in  test  tube  with  lead  1  x  J" 


'  (r.)  lOc.c. XXX distilled wat«'r  +001  percent. 
[      ^^^  HCl  in  tost  tube  with  lead  1  <  I". 

(/.)  10 c.c.  XXX distilled  water +0*1  per crnt 
^'J,  HNOi  in  test  tube  with  lead  1  x  i". 

iO')  10 c.c.  XXXdislilliMl  water  +0'0l  percent. 
^      J*  HXOg  in  test  tube  with  lead  1  x  4", 

MtyaiHt.  1894:— 
(II.)  10  c.c.  XXX  distilled  water  +0  in  test 

tube  with  lend  1  x  \". 
(b.)  10  c.c.  XXX  distilled  water  +1  iM«r  cent. 
$1 
H)  H»S04  in  test  tube  with  lead  1  x  i". 


Remarks  as  to 
Eroiion. 


Octolier  19th.    No  action 

visible  in(6),(r/),  (/). 

Action  distinct  in  (a), 

(r),  (6).  iff) 
( )ct  ober  22nd.    No  act  ion 

visible  in  {b),  id),  (/). 

l,t),  (<•),  (f>,  iff)  testcil. 
JJ.v  Octouer  ^r.th    action 

visible  .n  (6).(J),(/). 

(''').  ^'/),(/)  tested. 


Total 
Lra  I  Salt 
(parts  p"r 
100.000). 


M 
{d.) 


40*0 

20-0 -) 

;jo-o  ) 

30*0n 

-wo) 


Action     commeni'ed     at  ' 
once   in    (a),  and    wns 
pvoirr«ssivc  in  character  ■ 

June  r>th.  No  action 
visible  in  (6),  decided 
actif  n  in  (a). 

Subsequently,  howevj'r 
erosion  distinct  in  (6). 


iJ.)  30•0^ 
{g.)  85-0^ 


Table  XXXI. 
Showing  the  Effect,  as  regards  Ekosion  of  Lead,  of  the  aclditioii  to 
XXX  Distilled  Water  of  Measured  Quantities  of  Distilled 
Water  saturated  with  COg. 
[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  \")  completely 

submerged.] 


No. 


I 


Description  of  the  Experiment. 


Januarj' 23rd,  1895:— 
(<i.)  10  c.c.  XXX  distilled  water  +  0  in  te»t 

tul)e  with  b'jul  I  X  4". 
(/>.)  10  c.c.  XXX  disti.U^  water  +  0*05  c.c* 


U'.)'lO  c.c.  XX.V  tlistilUd  water  +  0*3  c.c, 
M, CO,. solution  Hitl)  lead  1  x  \". 

(/.)  10  c.c.  XXX  disiiUi'd  wal«*i    +  O'l  c.f. 

'  IlitOj solution  \\\V\  '«:««•  I   x  i". 

{g.)  3  c.c.  X\X  dis-.ill.Hl  water  +  5  c.c. 
Ha<^'<>3  Rohilion  with  had  1  x  4". 


FebruMy  md.  IsOo:— 
(«».)  lu  o.c.  XXX  distilled  water  +  0  in  test 

tu»e  with  len.l  Ixi  . 
(/*.)  lOe.c.  XXX  distilletl  water  +  O'W  c.c. 

ll.l  O:  s<»lnti(  n  with  lead  \y-\". 
(c.)  10  CO.  XW.  ilisiilUnl  water  +   O'l  c.c. 

Hjl  Oj  si>lutnui  wilh  lejui  1  x  \". 
(J.)  10  f.r.  XXX  distilled  water  +  0*2  ec. 

H*COj  JK^luiion  with  lead  1  x  \".  | 


Remarks. 


Ero-^iou  commenced  at  once  in  (a),  (6), 
(r),  (d),  (e),  (/),  but  the  Itwl  oom- 
pound  ^vas  dissolved  as  soon  as 
formed  in  the  case  of  (/),  (e), 
((/).and  also  to  a  certain  extent  in 
(c)  and  {b).  Ni>  erosion  visible  in 
(g). 

After  one  hour  {a).{b)  alDue  showed 
erosion,  the  pieces  of  lead  in  all  the 
other  lubes  eojited  except  (17).  which 
remained  bright.  By  January  auh, 
however,  (/)slu-\v  d distinct  erosion, 
while  all  the  n.-si  remained  clear 
except  (rt)  an-l  \h].  iJy  February 
2nd,  great  action  noted  in  (9),  and 
traces  of  action  in  (c),  [d),  (e).  By 
February  25th  very  m:irkedaction  in 
(a),  (*)  and  in  (/).  (g)  :  very  liitle 
erofeiion  in  (c),  (<f),  (e),  ihe  lead 
beuig  fairly  well  coated. 

Erosion  commenced  at  onoe  in  {a), 
ib),  (r).  (d),  (e),  (/).  but  the  lead 
compound  seemed  to  bo  dissolved 
as  .soon  as  fonned,  so  that  at  end  of 
one  hour  (a),  (b),  (c)  alone  showed 
distinct  action.  No  action  in  {g). 
By  Febnmry  ioih  action  in  all  but 
(cf),  the  lead  being  fairly  well  coated. 


*  liitX>j  solution  obtained  by  saturating  distilled  water  with  CO> 
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Table  XXXh^continued. 

Ka 

Deicriiition  of  the  Experiment. 

Remarks. 

S 

Febmaiy  2nd,  19K-~cani. 
(0.)  10  C.O.  XXX  distUlod  water  -I-  O'S  o.c. 

&aCO>ioltttionwith  iMd  Ix  V'. 
{/A  10  0.C  XXX  diatilled  water  +  0*4  c.c. 

HiOO,  eolution  with  lead  1  x  V'. 
(g,)  6  ex.  XXX  dintilled  water  +  5  co.  HsCO, 

■olution  with  lead  1  x  V . 

z 

Febnu 
(0. 

i 

(y.  J 

«ytod.l»6:-. 

8ame«i.(a).  (ft),  (c),  (d),  {eh  (/).  iffh 

Bzpwixnent  2,  but,  nfler  the  pieces  of 

•    lead  had  been  put  in  the  tubes,  the 

Erosion  commenced  at  once  in  all  but 
(g),  but  the  lead  compound  appeared 
to  be  dissolved  as  soon  as  formed, 
so  that  at  end  of  one  hour  action 
apparent  only  in  (a),  {b),  (e).    Fe- 
braaiy  2Sth  action  in  (a),  (6).  {e). 
Slight  action  only  in  (djL  tke  lead 
being  fairly  well  coated.    In  («)  and 
if)  lead  coating  brick  red  in  colour. 

As  regards  the  mineral  acids  (H^SO^,  HCl,  and  UNO3)  ^^®  results 
in  general  seemed  to  show  that  their  action  was  rather  in  the  direction 
of  delaying  erosion  than  of  absolutely  preventing  it,  or  even  of  greatly 
diminishing  the  degree  of  action.  Thus  the  addition  of  1*0  per  cent, 
of  a  decinormal  solution  of  the  mineral  acids  usually  inhibited  erosion 
more  than  0'  1  per  cent.,  and  0*  1  per  cent,  commonly  more  than  0*01 
per  cent. 

As  regards  the  addition  of  measured  quan{iiiel>pf  carbonic  acid  water 
(obtained  by  saturating  distilled  water  with  ourbouic  acid)  to-  the 
distilled  water  (Table  XXXI.),  the  results  seemed  to  show  that  very 
small  quantities  did  not  inhibit  erosion,  but  that  the  lead  compound,  as 
soon  as  it  was  formed,  became  dissolved  in  the  water  up  to  a  certain 
point :  afterwards  the  action  proceeded  in  the  usual  manner.  Slightly 
larger  amounts  (about  0*2  c.c.  H2CO3  solution  in  10  c.c  XXX  water) 
appeared  to  inhibit  erosion  by  leading  to  the  formation  of  a  protective 
coating  on  the  surface  of  the  lead.  A  large  proportion  of  carbonic 
acid  water  in  two  out  of  the  three  experiments  delayed,  but  did  not 
preTcnt,  erosion. 

It  is  convenient  next  to  consider  the  effect,  as  regards  erosion  of 
lead,  of  the  addition  to  XXX  distilled  water  of  measured  quantities  of 
dkalies,  namely,  lime  water  (Table  XXXII.),  sodium  carbonate 
(Table  XXXIII.),  and  sodium  bicarbonate  (Table  XXXIV.). 

Table  XXXn. 
Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  addition 
to  XXX  Distilled  Water  of  MEiksuRED  Quantities  of  Lime 
Wateb  (CaO,  HjO). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'')  completely 
submerged.] 


r  la.)  lOccXX 
{  ]b.)  Same  as  (c 
f  (e.)  10  CO.  of 


Norember  £6th,  18M :— 

lOcc  XXX  in  test  tube  with  lead  1 X  i^'. 

(  same  water,  with  CaO.  H/> 
equiFalent  in  neutralising  power  to 

<  0*24  per  cent.  ^  NasOOs^fn  test  tube 

f  with  lead  ixi^'. 

l^  (d.)  Same  as  (e). 

e    98614. 


In  (a)  and  (6)  action  com- 
menced at  once  and  was 
proRressive  in  character. 

Action  also  in  (c),(d);  (0), 

November  27th  1894.  Lead 
removed  and  acid  added. 


{  (f.j  10" 
r  M  10- 


Ad.)  lO'O 
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Table  Xy^XlL— continued. 


No., 


Deooription  of  Experiment. 


Remftrkt. 


Total 
liBftdtelt 


r  («.)  10  cc.  of  aame  water,  with  CaO,  HfO 
'  equivileiit  in  neutralising  power  to  | 

0-6  per  cent.  *5  Na/X)r-in  test  tube  j 

with  lead  IxV. 

'  «^valent  itt.oentialwmg  pow»r  to 

0'9  per  oent.^  Na^OOr-in  t«it  tuhe  , 
with  lead  IX  v. 
^  (h,)  Same  aa  ig)*  I 

NovembeT^mi.lJM:- :*i.i^hixV'     In  («)«»*  (6)  action  com- 

c   (a.)  iOc:c/XiXiiite»ttubewithleadlx4  .       ^^g,;^^  at  onoe.and  was 
I  (6.)  Same  aa  (a).  ui.  n-n  HO  I     progreMive  in  character. 

'"•^  "e,^?i^Ln?  'sJ.SkS&'^'^S*^  I  ^%i°  -~  '^  <''•  '''^'  '"• 

-^  -       No  apparent  action  in  {g), 

1     (*). 
November  88th  18M.Ii»d 
removed  and  acid  added. 


'.(<i.)10;0 


1«  per  cent.^NaiCO,-m  test  tube 

withlMdlxV. 

r  (e^'rioTc.  M^Sime  water,  with  CaO   H,0 
■  ^  ^     equivalent  in  neutralw'JB  powr  to 

1-5  per  cent.  ^Na«00s-in1«at  tube 

with  lead  IX  I". 


-(AJio-0 

f  (a.)  WO 
I  (6.)  10*0 
r{r.)  10*0 


f  ie.)  10-0 


{{i  W  c.c."/'iame  water. with  CaO  H,0 

^'^ '    equivalent  in  neutnOisinK  power  to 

8*0  per  oent.^Na,GO,-in.test  tube 

witbl«Mll'*V'. 
.  (fc.)  SameiuiCg). 
,  ^12T?0?i^itnSrte8ttubewithleadlxJ^ 
I      [6:lfoSS;&ewater.^iHth^^^^ 


'S£^ie?SJuTsric;S):iSSttube 

^c.)  lo'^c!?/olfa^*^ter.;dt^^^ 

.    saturated  solution  of  GaO,  m  test  tiioe 

M)  ircxl^^fiJ^e^^ter.wU^^^  j 

^  ^^    iitSated  solution  of  CaO.  in  test  tube  i 
.  with  lead  1 X  V'.  ^      __  i .«  «.-  fl«nt 

with  lead  IxV 


tu  (a)  action  oommenoed  at 
pttoe,  and  was  proKtemve 

A'cSon1Soto(6),(<J),(<l).(«)* 

No  Action  m  (17).    .     _     , 

Jahtiary  ^th  18W.  ^L«d 

removed  and  acid  added. 


1.^:1 


10*0 
5*(k 


^  (A.)  a'O 

(a.)  100 
(^.)'fO*0 


(d.)  wo 


(«.)iio;o 

(/.)  lO-rt 
(flf.)  Trace. 


--^j;nii;j-„;iiSeIS;i^.Ven  when  lime  waWv  «»  pr«>.ut  iu  con.ide«ble  .mount. 

Table  XXXIII.  .  .       •, 

ov     '  „fi,p  -Effect    as  regards  Erosion  of  Lead,  of  the  wid.tion 
Showmi^EFFECT^^^ga^^  of  Measured  Quantities  of  Sodhth 

SSuelS'^"  use<..  ana  the  pieces  (I  .i")  -plete.y 
L"   o  Bubinerged.J 


Ko. 


Description  of  Expernnent. 


B«mark8. 


Total 
Lead  Salt 
(parts  per 
1O0.00O.) 


I, 


March  29th,  1804  ^-  ^ 

10  cc.  XXX  with  I  per  cent,  ^y,  X»tCO,  in 
tLtubes-«.)(ft).««^(^>-*^»^^^"^^'^*' 


JTo  action  in  (a).  (6).  or 
I  (c).but  a  WuisU  whi,te 
I     film  formed  on  niietal. 


(a.)  (6.)  (e.) 
0*0;0-0;0*0 
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Tablb  XXKllL^^^OfUinued. 


Xo. 


Btteription  of  Experiment. 


Remarks. 


April  4th,  18M:— 
10  e.e.  XXX  with  1  per  cent.  ^^  NA,0Oi  in 

I  teet  tiibee-(a),  (6),  imd  (c)-with  lead 

In*". 
lUy  net  1884.— 
(a.)  10  CO.  XXX  iu  teet  tube  with  lead  1  x  ^\ 
(b,)  10  e.0.  of  nme  water  witl^  1  per  cent. 

^  NttOOs  in  test  tube  with  lead  1  x  k". 

4  i  Aa8liitf0th.l884:— 

la,)  10  CO.  XXX  in  teet  tube  with  lead  1  x  \". 
I      (6.)  10  C.C.  of  aame  water,  with  0*1  per  cent. 

^  XatCOj.  in  teet  tube  with  lead  1  x  \". 

September  Mth.  1894  :— 
(«.)  10  CO.  XXX  in  teet  tube  with  lead  1  x  \". 


No  aefion  in  (a),  (6),  or 
(e),  but  a  biniah-white 
film  formed  on  metal. 


Total 
Lead  Salt 


(a,)  (h.)  M 
0*0;0«0;0*0 


lb. 


c.e.  of  same  water,  with  0*06  c.c. 
^  Na«COa.  in  test  tube  with  lead  1  x  f . 


September  30th.  1884  :— 
(a.)  10  CO.  XXX  in  test  tube  with  kad  I  x  i". 
(b.)  10  C.C.  of  same  water,  with  0*04  psr  c«nt. 

^  NatCOs,  in  test  tube  with  lead  1+ V'. 
(c.)  lOcc.  of  sanie  water,  with  O'S  per  cent. 

^  NatOO»  in  teet  tube  with  lead  1  x  \". 
{d.)  10  C.C.  of  same  water,  with  0*5  per  cent. 

^  NasOOs.  in  test  tube  with  lead  1  x  V'. 


October  eth,  1804:— 
(a.)  10  cjo,  XXX  in  teet  tube  with  lead  1  x  V'. 
(6.)  10  cc  of  aame  water,  with  0'12  per  cent. 

.j^Na.COa. 
(c.)  10  cc.  of  same  water,  with  0'18  per  cent. 

^0  Na/:o,. 

{d.)  10  cc.  of  same  water,  with  0*24  per  rent. 

(e.)  10  ex.  of  same  water,  with  0'80  per  cent. 

(/.)  10  c-cof  same  water,  with  0*36  per  cent. 

j^N.,CO. 
(y.)  10  cc.  of  same  water,  with  0*42  per  cent. 


10 


ya,CO,. 


(*.)  10  cc.  of  same  water,  with  0*  48  per  cent. 

*Na,C03. 
(f.)  10  cc.  of  same  water,  with  0"  W  per  cent. 

November  «»th,  1884.-- .     ,  _  ,  ^ 

(a.)  and  (6)  10  c.c  XXX  in  test  tubes  with 

leadlxV'. 
(c.)  and  (d.)  10  c.o.  of  same  water,  with  0*24 

per  ocnt.  ^  NatCOs. 

M  and  (/.)  10  cc.  of  same  water,  with  0*B 

per  cent,  ^q  NatCOs. 

,  Norember  29th.  1884  :— 

iff.)  10  c.c  XXX  ill  test  tube  witli  leBd  1  <  4". 
(b.)  lOcc.  of  same  water,  uith  0*2  percent. 

l5  Xa,CO,. 


In  (a)  action  commenced 
at  once  and  wi^  pro- 
gressive in.  oliahusler; 
in  (6)  no  actioQ. 

In  (a)  action  commenced  j 
at  once  and  was  pro- 
creaaiVB  in  character: 
m  ib)  no  aotion,  but 
fhrmly-adherent       film  ; 
formed  on  metal, 
[n  (a)  action  oommeneed  | 
at  once  and   was  pro-  i 
greisive  in  ' character;  ' 
in  (b)  no  aoticm.    Lead  : 
renewed  in  (ft)  on  Sep-  ' 
tember  26th  and  28th,  , 
1684;  still  no  action  in  , 
(6)  on  October  1st,  1884. 
In  (a),  (6),  (c), action coA-  ' 
menceu    at    once    and 
was  progressive  in  char-  | 
acter ;  in  (d)  no  action, 
liead  renewed  in  (d)  at 
intervals—  , 

October     1st,      1884,  ' 
once ;  October  2nd, 
twice;  October  4th. 
1884,  thrice  ;Octob(T 
5tb,  thrice ;  October 
Oth.  Ift4.  twice.  Oc- 
tober 7th,  1884.  still 
no  action  in'frf). 
October  7th,  1884.   Action 
in  (a)  as  usual ;  action 
also  m  (6),  (c),  (if).  (#), 
but  lead  salt  produced 
was  of  more  curdy  and 
less  milky  appearance 
than  in  case  of  (a). 
Slight  action  in  (/)  and 
iff)',  practicaHy  none  in 
ih)  and  (»■).  , 

October  10th,  1894..  Same  i 
remarks.  | 


Action  in  (a)  ani  (6)  as 
usual ;  also  action  in  (c) 
and  (d)  as  in  Experi- 
ment  7. 

No  action  in  (<?)  and  (/). 

November'  27th,  1884. 
liCad  removed  and  acid 
added. 


Action  in  \h)  as  usual. 
Yenr  distinct   action   in 

(6),  *but   none  in    (<•), 

(*/}.  (0. 


I 


(a.)  20  0 
(6.)  10-8 


I)    2 
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No. 


Detcription  of  Experiment. 


Bemftrki. 


November  89th,  ISH-cont. 
(c.)  10  cc;  of  same  water,  with  0*4  per  cent. 

l^NaaCO,. 
(d.)  10  cc.  of  same  water,  with  0*6  per  cent. 

~Na,0O,. 

(*.)  10  cc.  of  same  water,  with  0*8  per  cent. 
^Na^OO,. 

November 30th,  18W.—  ^  ..^,  ^  ,  ^„ 
(a.)  10  C.C.  XXX  in  teat  tube  with  lead  1  x  V'. 
(6.)  lOacof  same  water,  with  0*1  per  cent. 

j^Na^OO,. 
(c.)  lOccof  same  water,  with  0  2  per  cent. 

^Na,CO,. 
(d.)  10  CO.  of  aame  water,  with  0*3  per  cent. 

l^Na,CO,. 
(d.)  10  CO.  of  same  water,  with  0*4  per  cent. 

j^Na.CO,. 


November  80th,  ^18M. 
Lead  removed  and  aoid 
added. 


Total 
Lead  Salt 
(parts  per 
100,000). 


Action  in  (a)  9B  usual. 
Very  distinct  action  also 

in  (6)  and  (c).      . 
No  apparent  action  in  (a) 

or  (e).  ^     ^ 

December  lit,  18M.  Lead 

removed  and  acid  added. 


(c.)    0-5 
id.)    0-5 

(e.)    0-5 


(a.)  20-0 
(6.)  10-0 


(c.)  lao 
id.)  0-5 
(<..)    1-0 


Table  XXXIV. 
Showing  the  Effect,  as  regards   Erosion  of  Lead,  of  the  addition 
to  ^^^  Distilled  Water  of  Measured  Quantities  of  Sodium 
Bicarbonate  (NaHCO,). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  X  V')  completely 
submerged.] 


No. 


Description  of  Experiment. 


November  89th.  1884  :— 
(a.)  10  0.0.  XXX  in  test  tube  with  lead  1  x  \". 
(6.)  10  cc.  of  same  water,  with  0*8  per  cent. 

^  NaHCOs  in  test  tube  with  lead  lxi». 
(c.)  10  cc.  of  same  water,  with  0*4  per  cent. 

^^NaHCO,  in  tt«t  tub«  with  lead  1  xi". 
id,)  10  cc  of  same  water,  with  0*6  per  cent. 

^  NaHCOs  in  teat  tube  with  lead  1  x  r . 
ie.)  10  cc  of  same  water,  with  0*8  per  cent. 

^  NaHCOs  in  test  tube  with  lead  1  x  i". 

November  80th,  1894  :— 
(a.)  10  cc.  XXX  in  test  tube  with  lend  1  x  \". 
(6.)  10  cc  of  same  water,  with  0*1  per  cent. 

j^NaHOOs.  in  test  tube  with  lead  1  x  \", 
(c.)  10  cc  of  same  water,  with  0*2  per  cent. 

^  NaHCOs,  in  test  tube  with  lead  1  x  i". 
(d.)  10  ccof  same  water,  with  0"S  per  cent. 

^  NaHCOs,  in  test  tube  with  lead  1  x  i". 
ie.)  10  cc  of  same  water,  with  0'4  per  cent. 

^  NaHCOs.  in  test  tube  with  lead  1  x  \". 


Remarks. 


Total 
Lead  Salt 
(parts  per 
100,000). 


In  (a)  action  commenced 
,     at  once  and  was  pro- 
I     gfressive  in  character.      | 
Very  slight  action  in  (6) . 
No  action  in  c,  d,  *.  1 

1  November     80th,    _,18W. 
I     Lead  removed  and  acid  ; 
I     added. 
In  the  case  of  c,  d,e, 
the  lead  was  coated  with 
a  bluish-white  firmly- 
adherent  film. 


In  (a)  action  commenced 
at   once  and  was  pro- 
gressive in  character. 
Action  also  in  (6)  and  ie).  | 
No  action  apparently  m 

id)  or  ie).  ^     ,  I 

December  ist,  1894.   Lead 

I     removed  and  acid  added. 

I  In  the  case  of  id)  and  ie) 

the  lead  was  coated  with 

a   bluish-white  flrmly- 

:     adherent  film. 


(6.) 

80-0  . 
0*5 

ie.) 

0*0 

id.) 

0*0 

ie.) 

0*0 

(a.)  20-0 
(6.)  lO-O 

ie.) 

10-0 

id.) 

0-5 

ie.) 

O'O 

Digitized  by  VjOOQIC 


53 


Table  XSXlV.^eoniinued. 


JTo. 


DesQription  of  Experiment. 


8     November  lUb,  18M  .•^ 

iU 

>  water,  with  O'l  per  cent 

~  NafiCOb  in  test  tube  with  lead  1  x  V 


la.)  10  CO.  XXX  in  test  tube  with  lead  1  x  \» 
(6.)  10  CO.  of  «  -.-.-- 


Remarks. 


In  (a)  action  oommenoed 
at  onoe  and  was  pro- 
gressive in  character. 

No  action  in  (6),  but  lead 
was  ooatedwith  a  bluish- 
white  firmly-adherent 
film. 

November  14th,  1804. 
Lead  removed  and  acid 
added. 


Total 
Lead  Salt 
(parts 
100.*" 


Its  per 
1,000). 


(a.)  WO 
(6.)  Trace. 


As  regard  lime  water,  it  is  apparent  from  the  result  shown  in 
Table  XXXII.,  that  relatively  large  amounts  of  this  substance  are 
needed  to  inhibit  to  any  appreciable  degree  the  erosive  action  of  XXX 
distilled  water.  As  much  as  1*6  per  cent,  of  a  saturated  solution  was 
inoperative  and,  in  all  the  experiments,  coating  of  the  lead  was  either 
absent  or  unsatisfactory  in  character. 

Sodium  carbonate  (Table  XXXI II.),  on  the  contrary,  was  most 
efficacious,  small  quantities  only  being  required  to  coat  the  metal  with 
a  firmly  adherent  blush-white  film,  which  prevented  erosion  from 
taking  place  (Plate  X.,  Fig.  13d).  The  amount  required  naturally 
varied  with  the  different  samples  of  XXX  distiUed  water ;  but,  speaking 
in  general  terms,  it  may  be  said  that  0*5  per  cent,  of  a  decinormid 
solution  was  .in  excess  of  the  quantity  actually  needed.  It  will  be 
noted  that  in  Experiment  6,  this  amount  not  only  inhibited  erosion,  but 
that  renewal  of  the  pieces  of  lead,  at  intervals,  when  they  had  become  well 
coated,  on  no  less  than  1 1  occasions  failed  to  initiate  any  action  or  to  use 
up  the  **  plumbo-protective  "  qualities  of  the  sodium  carbonate. 

Very  similar  results  were  obtained  with  sodium  bicarbonate  (Table 
XXXIV.),  which  substance  in  minimal  amount  also  coated  the  lead  with 
a  bluish-white  firmly-adherent  film. 

Lastly,  there  remains  for  consideration  the  effect  as  regards  erosion  of 
lead  of  adding  to  XXX  distilled  water  measured  quantities  of  an  artifi 
cially  prepared* calcium  bicarbonnte  water  and  a  natural  water  rich  in  this 
substance  (Settle  Public  Water  Supply — a  hard  limestone  water).    These 
results  are  shown  in  the  following  tables  (Tables XXXV.  and  XXXVI.). 

Tablk  XXXV. 
Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  addition  to 
XXX  Distilled  Water  of  Measured  Quantities  of  Calcium 
Bicarbonate  (CaCOs,  II2CO3). 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^")  completely 
submerged.] 


No.  I 


Description  of  Experiment. 


Remarks. 


1     JanoATy  «8rd,  18P5 : — 

(a.)  10  C.C.  XXX   in  test  tnbe  with  lead 

ixl". 
(b.)  10  C.C.  of  aamo  water,  with  0*5  per  oent. 

OBlcinm  'bicarbonate  solntiou,  in  test 

tnbe  with  lend  I  xi". 


Total 
Lead  Salt 
(parts  per 
100,0c- ■ 


9,000). 


In  (a)  action  commenced  at  I    (a.)  lO'Q 

once,  and  was  progressive 

in  character.  ! 

Decided  action  also  in  (b). 

ic),  (rf),  (eh  {/),  iff). 


(6.)  lO'O 


*  DistiUed  water  was  saturated  with  COa  and  allowed  to  filter  repeaietll.v  tluoutrh  Uvland 
spar  nntil  it  ceased  to  show  an  acid  reaction  with  lacmoid. 
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Table  XXXV — continued. 


Vol] 


Description  of  Experiment. 


Kemarkit. 


Total 
LeadSnlt 


rtaper 
1,000). 


I 


1  I  /Hiiutfy  fliird*  1895— eott/. 
I      M  10  CO.  of«ame  water,  with  1*0  per  cent,  i 
i  caloinm  bicarbonate,  in   test    tube  1 

with  lead  ixV'. 
(d.)  10  CO.  of  lame  water*  with  2*0  per  cent.  I 

calcium    bicarbonate,  in   test  tube 

with  lead  IxV'. 
(0.)  10  C.C.  of  same  water,  with  3*0  per  cent. 

calcium  bicarbonate,  in  test   tul)e 

with  lead  IxV'. 
(/.)  10  c.c.  of  same  water,  with  4*0  per  cent. 

calcium   bicarlwnate.  in   test   tube 

with  lead  ixi". 
iff.)  10  c.c.  of  same  water,  with  6*0  per  cent. 

calcium  bicarbonate,  in   test  tube 

with  lead  Ixi". 
(h.)  10  o.c.  of  same  water  with  10  per  cent. 

calcium  bicarbonate,    in  test  tube 

with  lead  ixi''. 
(t.)  10  c.c.  of  same  water,  with  20  per  cent. 

calcium    bicarbonate,  in   test    tube 

with  lead  ixf. 

February  2nd,  1806  :— 
(a.)  10  0.C  XXX,  in  test  tube  with  lead 

IxV. 
(6.)  lOccof  same  water,  with  6*0  per  cent.  ' 

calcium  tbicarbouate.  in  test  tube 

withlradlxV'. 
ie.)  10  c.c.  of  same  water,  with  10*0  per 

cent,  calcium  ^bicarbonate,  in  test 

tube  with  lead  1  x  (". 
id.)  10  c.c.  of  same  water,  with  20*0  per 

cent,   calcium  bicarbonate,  in  test 

tub<*  with  lead  IxV'. 


Noactionin  (A)and  (t).        .    (c.)  lO'O 
January    2Srd.   1806,    lead 

removed  and  acid  srided. 
In  the  case  of  (A)  and  (i)       (d.)  10*0 

the  lead  was  coated  with 

a     bluish-white     firmly- 

adherent  mm.  I    («.)  10*0 


(/.)  5*0 

(9-)  10-0 

(A.)  1-0 

(».)  0-0 


In  (a)  action  as  usiud. 

No  action  in  (6),  (c),  (cf). 

February  Srd,  1896.  Lead 
removed  and  acid  added. 

lu  the  caao  of  (fr),  (c),  and 
id)  the  lead  was  coated 
with  a  bluish-white  firmly- 
adherent  film.  i 


'    (a.)  10*0 
(&.)     0*0 


(c.)     0-0 


id.)    0*0 


*  Excess  of  crushed  Iceland  spar  was  added  to  distilled  water  which  had  been  saturated  with 
OOs.  shakeu  and  filtered. 

Table  XXXVI. 

Showing  the  Effect,  as  regards  Erosion  ot  Lead,  of  the  addition  to 
XaX  Distilled  Water  of  Measured  Quantities  of  a  Hard 
Limestone  Water  (Settle  Public  Supply). 
[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^")  completely 
submerged.] 


No.  I 


Description  of  Experiment. 


RemarkM. 


Totol 
Lead  Salt 


August  20th,  1894:—  .,    ,     . 

(«.)  10  cc.  XXX  in  test  tube  with  lead 

ixV'. 
(6.)  10  cc.  of  same  water,  added  to  1  cc. 

Settle  water,  in  test  tube  with  lead  i 

ixi". 


September 80th,  1894:-  .,    ,    . 

UI.Y  10  cc.  XXX  in  test  tube  with  lead 

ixr. 
(6.)  10  CO.  of  same  water,  with  0*1  per  cent. 

Settle  water,  in  test  tube  with  lead 

ixi". 
(c.)  10  cc  of  same  water,  with  1*0  i}er  cunt. 

Settle  wster,  in  tt'st  tube  with  lead 

IxV. 
(d.)  10  cc  of  same  water,  with  6*0  j^r  cent. 

Settle  water,  in  test  tube  with  lead 

IxV. 
(*.)  10  cc.  of  same  water,  with  10*0  jwr 

cent.  Settle  water,  in  test  tube  with 

lead  IX  v. 


In  (a)  action  commenced  at 
once  and  was  progressiTe 
in  character. 

No  action  in  (6).  but  a 
bluish-white  firmly-ad- 
herent film  was  formed 
on  the  metal. 

In  (a)  action  commenced  at 
once  and  was  progressiTe 
in  character. 

Decided  action  also  in  (6), 
ie),  id).    In  ie)  no  action. 

liead  renewed  in  («)  at  in- 
terval*- October  Ist,  1894* 
once ;  October  2nd,  twice ;  J 
October  4th,  1894.  thrice; 
October  6th,  thrice ;  Octo-  I 
ber     6th,     1894,     twice,  i 
October  7th.  18tH,  still  no 
action.  |. 


Not 
recordod« 
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Table  XXKYL-H^ontinued. 


No. 


Deicription  of  Experiment. 


BetnaMcs. 


Total 
Lead  Salt 
(parts  per 
100,000). 


9     Norember  30th,  1894 : 


(a.)  10  C.C.  XXX  m  test  tube   with  lead 

(6.)  10  0.C  of  same  water,  with  2*0  per  cent. 
Settle  water,  in  test  tube  with  lead 
IxV. 

(e.)  10  C.C  of  same  water,  with  4*0  per  cent. 
Settle  water,  in  test  tube  with  lead 

ixr. 

id.)  10  O.C.  of  same  water,  with  6*0  per  cent. 
Settle  water,  in  test  tube  with  lead  i 
IX  v.  ' 

(«.)  10  ce.  of  same  water,  with  8*0  per  cent,  i 
Settle  water,  in  test  tube  with  lead 
IxV'. 

C/.)  10  CO.  of  same  water,  with  10 '0  per  t 
cent.  Settle  water,  in  test  tube  with  I 
leadlxi^  ' 


In  (a)  action  commenced  at 
once  and  was  progressive 
in  character. 

Decided  action  also  in  (b), 
ic)i  id),  (e).  In  (/)  no 
action. 

December  1st,  1894.  Lead 
removed  and  acid  added. 

In  the  case  of  (/)  a  blnish< 
white       (Irnuy-adherent 

.  film  was  formed  on  the 
metal. 


(a.)  20-0 

(6.)  10*0 

<<s)  18*5 

id,)  12' « 

I 

I    ie,)  10*0 

'     (/.)  0-0 


January  Slst,  1895  :— 

(a.)  10  CO.  XXX  in  test  tube  with  lead 
1x1". 

(6.)  10  cc  of  same  water,  with  2*0  per  cent. 
Settle  water,  in  test  tube  with  lead 
IxV. 

ie,)  10  C.C.  of  same  water,  with  4*0  per  cent. 
Settle  water  in  test  tube  with  lead 
IxV. 

id,)  10  ce.  of  tame  water,  with  6*0  per  cent. 
Settle  water,  in  test  tube  with  lead 
IxV. 

ie,)  10  C.C.  of  same  water,  with  8'  0  per  cent. 
Settle  water,  in  test  tube  with  lead 

IX*". 

(/.)  10  e.c.  of  same  water,  with  10*0  i^r 
cent.  Settle  water,  in  test  tube  with 
lead  IX  V. 


iff.)  10  C.C  of  same  water,  with  20*0  per  < 
cent.  Settle  water,  in  test  tube  with  I 
leadlxi'. 


In  (a)  action  commetioed  at  ' 
I      once  and  was  profn^ssive  ' 
I      in  character. 
I  I 

,  Decided  action  also  in  ib) 
'     and  ie).    In  id),  ie),  (/),  \ 
ig)  no  action.  > 

In  the  case  of  (<f),  (tf).  (/), 
'  *      '*  '  '      '  "    fir    • 


ia.) 
ib.) 


7-0 


4*0 


ie.)    S'O 


id,)    0*5 


iff)  a  bluish -white  firmly- 
adherent  film  was  formed 
on  the  metal. 

After   one   hour   lead   re- 
moved, acid  added,  and  t 
the  amount  of  lead  esti-  ,  (0.)  traoei 
mated. 


I  (/.)  trace. 


iff.)  trace. 


In  both  series  of  experiments  it  will  be  seen  that  the  results  were 
satisfactory,  when  about  5  to  10  per  cent,  of  the  artificially  prepared 
and  of  natural  waters  were  employed,  the  lead  became  coated  with  a 
firmly  adherent  bluish-white  iilm  which  altogether  prevented  any 
erosion  from  taking  place.  It  is  to  be  noted  that  in  Experiment  2» 
Table  XXXYL,  10  per  cent,  of  Settle  water  not  only  preFented  erofflon 
from  taking  place,  but  also  placed  the  mixture  in  a  state  remote  from 
the  possession  of  erosive  ability.  That  is,  repeated  renewal  of  the  lead, 
as  each  piece  became  coated  over,  failed  to  use  up  the  ^^plumbo- 
protectiTe "  substances  present  in  the  water,  and  thereby  to  initiate 
erosive  action. 

In  the  following  table  (Table  XXXYII.)  are  grouped  together  a 
number  of  more  or  less  isolated  observations  relating  to  ei*osion. 
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Table  XXXVll. 

Showing  the  Action,  as  regards  Erosion  of  Lead,  of  XXX  Distilled 
Wateb  upon  Bright  Sheet  LKAi>-^(a)  under  Ordinary  Oonditions, 
(6)  under  the  Various  Conditions  specified  in  the  table  hereunder. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  (")  completely 
submerged.] 


DescriptioQ  of  the  Experiment. 


Remarks  as  to 
Erosion. 


Total 
Lead  Salt 


September  24th,  1884  :— 

(a.)  10  CO.  XXX  distUled  water  (after  filter- 
ing through  filter  paper)  in  test  tube  with 
lead  1  X  v. 

(A.)  10  c.c.  XXX  distilled  water  (alter  shak- 
ing with  0*1  per  cent,  chalk  powder,  and 
filtering  through  filter  paper)  in  test  tube 
with  lead  IxV?: 

(c.)  Same  as  (6),  but  0*1  per  cent,  powdered 
I        hmestone. 

October  17th,  1894  :— 
(a.)  10  CO.  XXX  distilled  water  +  0  in  test 

tube  with  lead  IxV'. 
(6.)  10  C.C.  XXX  distilled  water   4-  0*1  per 

cent,  ammonium  carbonate  in    test  tube 

with  lead  Ixi". 
November  2nd.  18M  :— 
(a.)  10  C.C.  XXX  distilled  water  in  test  tube 

with  lead  Ixi". 
{hA  Same  as  (a),  but  the  water  was  first 

filtered  through  60  c.c.  limestone  (pea  size) 

in  burette  (|"  diam.)  at  rate  of  SO  sees,  per 

10  c.c. 
(c.)  Same  as  {&).  but  the  water  was  twice 

filtered  through  ihe  limestone, 
(d.)  Same  as  (6).  but  the  water  was  thrice 

filtered  through  the  limestone. 
(«.)  Same  as    (6).   but  the  water  was  four 

times  filtered  through  the  limestone. 
(f.)  Same  as    (6),  but  the  water  was  five 

times  filtered  through  the  limestone. 

November  12th,  1894 :  - 

(a.)  10  c.c.  XXX  distillled  water  in  test  tube 
with  lead  1  x  i". 

(6.)  10  c.c.  XXX  distilled  water  +  0*1  per 
cent,  ammonium  carbonate. 

(c.)  10  c.c  XXX  distilled  water  +0*1  per 
cent,  calcium  phosphate  and  filtered. 

(d.)  10  c.c.  XXX  distilled  water  in  test  tube 
with  "  coated  "  lead  1  x  V'.— The  coating  was 
obtained  by  leaving  bright  sheet  lead  in 
contact  witn  a  hard  limestooe  watpr  (Settle 
water)  for  24  hours  and  then  allowing  the 
lead  to  become  dry. 

January  12th,  1895:— 
(a.)  10  C.C  XXX  distilled  water  in  test  tube 

witn  lead  Ixi". 
(b.)  Same  as  (a),  but  the  water  frozen  solid 
and  then  thawed. 

January  17th,  1895  :— 

(a.)  10 cc  XXX  distilled  water  (after  filtra- 
tion) in  test  tube  with  lead  1  x  i". 

(6.)  Same  as  (a),  but  the  water  first  shaken 
with  0*1  per  cent,  powdered  limestone  and 
filtered. 

(c.)  Same  as  (6),  butO'l  per  cent,  powdered 
polarite  used  instead  of  limestone. 

(d.)  Same  as  (a). 


Action  began  at  once  in 
(a), no  action  in  (b),  (c), 
head  renewed  in  (6J,(c), 
September  26th  and  Bth. 

October  1st.  Still  no 
action  in  (6),  (c),  very 
great  action  in  (a). 


Action  begsn  at  once  in 

(a),  no  action    in    (b). 

October   21st.     Still    no 

action  in  (b),  very  great 

!     action  in  (a). 

Action  began  at  once  in  all 

i     the  tubes,  but  the  "  lead 

,     compound "    produced 

was  of   a  moi^   curdy 

nature  in  (6)  than  (a), 

in  (c)  than  (b).  in  (</) 

than  («),  in  (0)  than  (d) 

and  in  (/)  than  {e). 

November  8rd.  (a).    (6), 

{c),id)Ae)A/).U»tQd. 


Action  began  at  once  in 
(a),  no  action  visible  in 
(*).  (c),(d). 

November  14th.  Still  no 
action  in  (6),  (c),  (d), 
very  great  action  in  (a), 
(«),  (6).  (<^),(d),  tested. 


Action  began  at  once  in 
both  (a),  and  (6). 

Januarv  16th.  (<»),  (6), 
tested. 


(e,)  Same  as  (6). 
(/.)  Same  as  (r). 


No 
reeord. 


(a.)    25-0 
(6.)    25-0 

(f.)  25-0 

(d.)  26*0 

(«.)  25-0 

Lf.)  10-0 

(a.)  80M> 
(6.)  Trace. 
(c)  Trace 
id.)  Trace. 


(a.)    20'0 
(b.)    80-0 


January  18th.  Action  in 
{a),(c)»id),{j ) ;  no  action 
in  (6),  (0),  so  lead  re- 
newed in  (0.  (a)  (6), 
(«•)  tested. 

Lead  renewed  in  («) 
January  19(h  and  21st. 

January  22nd.  Veiy  great 
action  in  (d).  (/),  and 
only  very  slight  action 
in  (e).  (d).  («),  (/) 
trB*ea. 


(6.) 


15'0 
0-6 


(c.)     15-0 


WO 
3-0 
60*0 


if-) 
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Table  XXXVlL'-continued. 


Description  of  the  Experiment. 


Remarki  m  to 
Erosion. 


January  88ih.  1896:— 

XXX   distiUcd    ._    ^.     

powdered  flint  shaken  and  then  filtered. 


(a.) 


X  distilled  water   +0*1   per  cent. 


10 
A 


LO  C.C.  in  test  tube  with  lead  1  x  V. 
(6.)  Same  as  (a),  but  0*1  per  cent,  powdered 
Iceland  spar  used  instead  of  flint. 

February  tad,  1806 : — 
(a.)  10  C.C  XXX  distilled  water  +  0  in  teat 

tube  with  lead  Ix  I". 
(6.)  Same  as  (a),  but  the  water  first  shaken 

with  0*1  per  cent,  crushed  fiint  and  (hen 

the  water  was  filtered, 
(c.)  Same  as  (a),  but  the  water  first  shaken 

with  0*1  per  cent,  crushed  Iceland  spar  and 

then  the  water  filtered. 

Februanr  9th.  1895  :— 
(a.)  XXX   distilled  water  +  0  shaken  and  ! 

filtered.    10  c.o.  in  test  tube  with  lead  1  x  \",  • 
(6.)  XXX  distilled  water  +  0*1  per  cent.  • 

sodium    phosphate   shaken    and  Altered. 

10  C.C.  in  test  tube  with  lead  1  x  \'*,  I 

{c.)  XXX  distilled  water  +  0*1  per  cent. 

calcium   phosphate    shaken   ana   filtered.  ' 

10  C.C.  in  test  tube  with  lead  1  x  i".  i 

(</.)  Same  as  (a).  I 

(e.)  Same  as  {6),  but  the  water,  after  the  , 

phosphate  treatment,  diluted  90  per  cent.  : 

with  XXX  distilled  water.  , 

(/.)  Same  as  (c),  but  the  water,  after  the  I 

phosphate  treatment,  diluted  00  per  cent.  1 

with  XXX  distilled  water.  t 

I 
February  15th.  1895. 
(a.)  10  c.c.  XXX  distilled  water  +  0  in  test 

tube  with  lead  Ix  v.  < 

(6.)  10 cc  XSX distiUed  water  +0*1  percent. 


Erosion  distinct  in  (a),(6). 
February  2nd.     (a),   (6) 
tested. 


February  8rd.  Distinct 
action  in  (a),  (6),  no 
action  in  (e). 

(a),  (6),  (c)  tested. 


February    10th.     Action 

began  at  once  in  (a),(<f). 
No  action  in  (6),  (c),  no 

action  in  {e),  but  action 

in  (/). 
February  11th.     Distinct 

action  in  (a),  (d),  (/). 
J  in  (6), 


No  action  visible  i 


(n),  (6).  ic), 
t4>8ted. 


id),  (e),  (/) 


10 


N%CX),  m  test  tube  with  lead  1  x  V. 


February  17th,  1895. 
Action  distinct  in  (a), 
(f»)»{c)Ad).  Noaction 
▼isible  in  («),(/),  (^). 

Amount  of  lead  estimated. 


(c.)  10  cc. XXX  distilled  water  +0*2  percent. 


10 


Na^OOs  in  test  tube  with  lead  1  x  V' 


id,)  10  cc.  XXX  distilled  water  +0*4  per  cent. 

^-  NatCOs  in  test  tube  with  lead  1  x  \",         I 
(e.)  10  cc.  XXX  distilled  water  +0*6  percent. 

'^^  Na«COs  in  test  tube  with  lead  1  x  i".         | 
(/.)  10  cc  XXX  distilled  water  +0*8  per  cent.  ' 

^  NssOOt  in  test  tube  with  lead  1  x  \". 
ig.)  10  00. XXX  distilled  water  + 1  '0  per  cent. 

**  NatCOs  in  test  tube  with  lead  1  x  \", 

(a.)  10  cc.  XXX  diHtilled  water  +  0  in  test 

tube  with  lead  ixi". 
ib.)  10  cc  XXX  distilled  water    +  CaCCa. 

HsCOs  of  alkalinity  equal  to  0*1  per  cent. 

"  X&sCX)s  in  test  tube  with  lead  1  x  {". 
10 
(r.)  10  cc  XXX  distilled  water   +  CaCOs, 
HjCOs  of  alkalinity  equal  to  0*2  per  cent. 

*  Na«COs  in  test  tube  with  lead  1  x  \'\ 

id.)  10  cc  XXX  distilled  water  +  CaCOs, 
H«COs  of  alkalinity  equal  to  0*4  per  cent. 

*  NasCOs  in  test  tube  with  lead  1  x  \'\ 

(e.)  10  cc.  XXX  distilled  water  +  CaCO,, 
HsCOs  of  alkalinity  equal  to  0*6  per  cent. 

^NagCOa  in  test  tube  with  lead  1  x  |". 
10 
(/O  10  cc  XXX  distilled  wator  +  CaCOj. 
H^COs  of  alkalinity  equal  to  U'8  per  cent. 

^  NasGOa  in  test  tube  with  lead  1  x  \", 
10 


Action  began  at  unce  in 
(a),  (6).  ic),  id).  No 
action  Tisibloin  («),  (/), 
ig)' 

Februax^  17th.  Now  some 
slight  action  in  (e). 
Still  no  action  in  (/), 
iff)* 

Amount  of  lead  estimated. 


Total 
Lead  Salt 

foo,o( 


(a.)  26*0 
(6.)  25*0 

(a.)  10  *0 
(6.)  10*0 

(c.)     0*0j 

(a.)  10*0 
(6.)     0*0 

(c)     0*0 

(d.)  lO'O 
(e.)     0*0 

(/.)    6-0 


(a.)  16*0 

(6.)  15*0 

(c)  16*0 

id,)  10*0 

ie,)     0*0 

(/.)  Trace. 

iff-)    0*0 

(a.)  16*0 

ib.)  16*0 

(r.)  16*0 

id.)  16*0 

(«.)     3*0 

(/.)    0*0 
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Tabl»  XXXVIL^^ontinued, 


Dosoripfcion  of  the  Bzperiment. 


Remark!  aa  to  Eroeion. 


Total 
Lead  Salt 
(parti  per 
100.0<k'K 


February      17tlL      1896. 

Action  in  all  the  tubee« 

I     but  not  80 diitinct  in  Is), 

I    }j;).^^)  «  i,  (.).  W, 

I  Amount  of  lead  eetimated. 


February  16th,  1995— cont. 
iff^  10  O.C.  XXX  distilled  water   +  CaCOi, 
HsCOa  of  alkalinity  equal  to  I'O  per  cent. 

^NttaCOs  in  teat  tube  with  lead  1  xi". 

The  OaCOs.  H|COs  waa    prepared    by 

saturating  dlatiUed  water  with  OO^ahakinx  i 

with  ezoeaa  powdered  Iceland  apar  and 

filtering.  I 

(a.)  10  O.C.  XXX  diatilled  water  +  0  in  test 

tube  with  lead  IxV'. 
(6.)  lOcc.  XXX  diatilled  water +CaO,  HiO  of 

alkalinity  equal  to  0*6  percent.  ^  Na«GOa 

in  teat  tube  with  lead  1  x  V'. 
(r.)  10  CO.  XXX  diatilled  water  +  OaO,  HaO  of 

alkalinity  equal  to  0 '6 per  cent.  jQ  NaflOOs   ^ 

in  teat  tube  with  lead  1  x  I". 
(d.)  10  C.C.  XXX  diatilled  water  +  OaQ,  HsO  of 
K  I 

alkalinity  equal  to  0*9  per  cent.  ^  XaaCOs 

in  teat  tube  with  lead  I  x  \".  ' 

(«.)  10  CO.  ZXX  diatilled  water  +  OaO.  H^Oof  , 

alkalinity  equal  to  1*0  per  cent,  ^g  NaaCOi  I 

in  teat  tube  with  lead  1  x  i",  I 

(/.)  10  cc  XXX  diatilled  water  +  CaO,  H,0  of  ' 

alkalinity  equal  to  2*0  percent.  ^  NatCOs   i 

in  teat  tube  with  lead  1  x  \".  ! 

{g.)  lOcc  XXX  diatilled  water  +  CaO.  H,Oof 

alkalinity  equal  to  S'O  percei)t.  £^  NasCOs 

in  teat  tube  with  lead  1  x  i". 

I 

(a.)  10  cc  XXX  distilled  water  +  0  in  teat 

tube  with  lead  1  x  4". 
(6.)  10  cc.  XXX  distilled  water  +  XaHCOsof        ^_^,    _^^^ 

Ikalinitycnal  to  0-1  percent,  f,  N.,CO.   i  A^foS'lij/Lmat^L 
in  test  tube  with  lead  1  x  \".  ' 

(c)  10  cc.  XXX  diatilled  wat4.'r  +  NaHCO,  of 

alkaUuity  equal  to  0*2  per  cent,  y^  NaaCOg  ! 
in  teat  tube  with  lead  1  x  i". 
id.)  lOccXXXdiatiUed  water  +  NaHGOs  of 

alkalinity  equal  to  0 '  4  per  cent,  ^q   NatCOs 
in  teat  tube  with  lead  1  x  \", 
(e.)  10 cc. XXX diatilled  water-)-  XaHCOaof 
n 
alkalinity  equal  to  0*6 percent,  j^   NatOOi 

in  test  tube  with  lead  1  x  V. 
(/.)  10  cc  XXX  diatilled  water -f  NaHCO|Of 

alkalinity  equal  to  0*8  percent.  ^    NasGOi 
in  teat  tube  with  lead  1  x  V. 
iff.)  1  Oc.c  XXX  distillod  water  +  NaflCO,  of 

alkalinity  equal  to  1  "0  per  cent.  ^    XatCOi 
in  teat  tube  with  lead  1  x  \", 


February    17th.     Action 
diatinct  in  (a),  (6),  (e),  , 
(d).    No  action  ▼isihle  ' 

I 


C^.)    0-# 


(a.)  16-0 

(6.)  MO 

(c.)  iO*0 

(d.)  26-0 

(#.)  lC-0 

(/.)  5*8 

(f.)  .vc 


(a.)  15- 0 
(6.)  15-0 
(c.)  15*0 
(d.)  15-0 

M  0-0 
(/.)   0-0 

iff.)    0-0 


In  Experiment  1,  shaking  XXX  distilled  water  with  powdered  chalk 
and  liraestono  and  then  filtering  through  filter  paper,  seemed  in  each 
case  to  place  the  water  in  a  safe  condition  as  regards  erosive  abilitT. 
This  result  in  the  case  of  limestone  is  confirmed  in  Experiment  6  (o) 
and  (e).  But  repeated  filtration  through  a  small  laboratory  filter  com- 
posed of  pea-sized  fragments  of  limestone  did  not  suffice  to  deprive 
XXX  distilled    water    of  its    erosive   power    (Experiment   3).      In 
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experiments  2  and  4^  0'  1  per  cent,  of  ammonium  carbonate  was  found 
io  inhibit  the  erosive  ability  of  XXX  distilled  water.  Calcium  phos- 
phate (Experiment  4  (c)  and  Experiment  9  (c),  (/))  was  also  found 
to  be  an  inhibitory  agent.  So  also  was  sodium  phosphate  (Experi- 
ment 9  (6),  (e)).  In  Experiment  4  (d)  is  also  recorded  the  fact  that 
XXX  distilled  water  cannot  readily  erode  lead  which  has  previously 
acquired  from  contact  with  a  hard  limestone  water  a  *'  plumbo-pro- 
tective"  coat.  In  Experiment  5  it  is  shown  that  a  preliminary 
freeziag  of  XXX  distilled  water  does  not  modify  the  subsequent  erosive 
action  of  this  distilled  water.  The  uselessness  of  polarite,  as  a  remedial 
agent  for  erosion,  seems  to   be  indicated  by  the  result  of  Experiment 

6  (c)  and  (/).  A  similar  result  was  obtained  with  flint  (Experi- 
ment 7  (a)  and  Experiment  8  (&)).  Iceland  spar  gave  anomalous 
fesultSy  as,  in  one  experiment,  erosion  was  not  inhibited  (Experiment 

7  (6)  ) ;  whereas  in  another  (Experiment  8  (c)  )  no  erosion  took  place. 
In  Experiment  10  a,  b,  c,  o,  the  relative  values  as  regards  preventa- 
tives of  erosion  of  sodium  carbonate,  calcium  bicarbonate,  limewater, 
and  sodium  bicarbonate  are  considered.  Limewater  (Experiment  10  c) 
was,  as  before,  found  to  be  of  inferior  value,  but  sodium  carbonate, 
calcium  bicarbonate,  and  sodium  bicarbonate  were  all  about  equally 
efficacious,  on  the  basis  of  an  equal  degree  of  alkalinity.  It  may  be 
doubted  whether  in  practice  any  substance  can  compare  with  sodium 
carbonate  as  a  con-ective  for  erosive  ability. 

Summary  (under  Section  1.(6)). 

To  attempt  any  summary  of  the  foregoing  results  is  a  difficult  task. 
The  experiments  cover  a  wide  field  of  research,  and  embrace  many  side 
issues.  Undertaken  often  at  spare  moments  during  the  stress  of  the 
routine  chemical  and  bacteriological  work,  they  may  seem  in  consequence 
to  lack  continuity  of  purpose.  Moreover,  many  of  them  were  of  a 
tentative  sort,  that  is,  experiments  carried  out  without  a  clear  know- 
ledge of  how  they  would  eventually  influence  the  research  as  a  whole, 
but  persevered  with  in  the  hope  that  some  at  least  of  them  might 
throw  fresh  light  on  the  general  question  of  lead  poisoning  by  moor- 
hind  waters. 

Taking  the  distillates  of  Settle  water  as  a  type  of  distilled  water,  it  is 
to  be  noted  that  distilled  water  may  be  acid,  plumbo-solvent,  and  non< 
erosive  (X),  or  neutral,  non-plumbo-solvent,  and  erosive  (XXX). 
Further,  tbat  the  former  kind  of  water  can  be  brought  to  the  same 
condition  as  the  latter  in  numerous  ways,  e.g,^  by  aeration,  boiling  and 
aerating,  exhaustion  of  the  dissolved  gases  and  subsequent  aeration, 
storing  for  some  time  in  partially  filled  and  unstoppered  bottles,  &c. 

Ab  r^;ards  XXX  distilled  water,  this  always  erodes  bright  lead  in 
▼igorous  fashion,  but  does  not  attack  coated  lead.  Under  anaerobic 
conditions  there  is  no  erosive  action  ;  hot  on  allowing  the  water  to 
become  aerated  again  the  power  of  erosion  is  restored.  Similarly, 
either  boiling  the  water  or  saturating  it  with  hydrogen  gas,  if  followed 
by  aeration,  does  not  inhibit  erosion.  Repeated  distillation  does  not 
deprive  XXX  water  of  its  erosive  power.  Alloys  of  lead  and  tin  within 
certain  limits  inhibit  erosion.  Free  exposure  to  the  air  favours  pro- 
gressive erosion,  but  an  excess  of  pure  oxygen  gas  dissolved  in  the 
water  is  seemingly  a  deterrent  factor.  Within  certain  limits,  the  longer 
the  duration  of  contact  the  greater  is  the  amount  of  lead  compound 
ftrmed.  Light  does  not  appear  to  influence  materially  the  question  of 
aroekm.  Obtain  salts,  e,g.^  ammonium  chloride,  magnesium  sulphate, 
flodium  chloride,  calcium  phosphate,  sodium  phospbate,  and  calcium 
irolphate  (to  a  slight  extent),  inhibit  erosion.     The  nitrates  or  nitrites 
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do  not  seem  to  have  any  very  marked  or  uniform  effect,  with  the 
exception  of  ammonium  nitrate,  which  increases  the  actioo.  Acids  (in 
the  amounts  used)  seem  to  delay  rather  than  prevent  erosion  from 
taking  place.  Some  alkaline  substances,  particularly  bicarbonate  of 
calcium  and  the  carbonate  and  bicarbonate  of  sodium,  have  a  strong 
inhibitory  action.  So  has  a  hard  water,  if  the  hardness  be  due  to  the 
presence  of  bicarbouate  of  calcium.  Storing  XXX  water  for  long 
periods  in  partially  filled  and  unstoppered  or  in  completely  filled  and 
stoppered  bottles  does  not  seemingly  alter  the  erosive  power  of  the 
water.  Filtering  XXX  water  repeatedly  through  limestone  chips  does 
not  seem  to  prevent  erosion  ;  but  shaking  with  powdered  chalk  or 
powdered  limestone  and  then  filtering  through  filter  paper  tends  to 
inhibit  erosive  action.  Silica,  either  in  the  form  of  powder  (Si02) 
or  as  powdered  6int,  when  shaken  with  XXX  water,  has  no  power  of 
imparting  to  the  water  any  "  plumbo-protective  "  ability.  Polarite  is 
also  useless  in  this  sense. 

From  the  above  notes  a  table  may  be  constructed;  it  should  be 
remembered,  however,  that  such  a  table  is  to  be  interpreted  only  in  the 
light  of  the  detailed  statements  which  have  been  already  given. 


Substances  or  Conditions 

vhich  do  not  infloenoe, 

to  any  material 

extent,  Broeion. 


Substanoes  or 

Conditions  which 

tend  to  increase 

Erosion. 


Substances  or  Conditions 

which  Inhibit,  to  a 

great  or  less  extent. 

Erosion. 


Substances  or 
Conditions  which 
dela^,  rather  than 
inhibit.  Erosion. 


Silica,  powdered  flin^  pow- 
dered   polarite,    shaken  [ 
with  the  water,  and  then  ! 
filtered.  ! 

Repeated  filtration  through 
limestone  (in  the  labora- 
tory). 

Storing  for  long  periods 
in  purtially  filled  and  un- 
stoppered bottles  or  in 
l)ottie8  completely  filled 
and  stoppered. 

Boiling,  if  followed  by 
aeration. 

As])irating  air  through  the 
water. 

Saturation  with  hvdrogvn 
gas  if  followed  by^^^ra' 
lion. 

Repeated  distillation. 

Presence  or  absence  of 
light. 

[?  Addition  to  the  water  of 
sodium  and  potassium 
nitrate  and  nitrite.] 

Exhaustion  of  the  dissolved 
gases  if  followed  by 
aeration. 


Ammonium       ni-  ;  Anaerobic  conditions. 

rate.  |  Saturation    with     pure 

Complete  aeration,      hydro^n  gas. 
Prolonged  contact. '  Saturation     with    pure 
Free   exposure  of  1    oxygen  gas. 
the    surface     of  '  Ammonium  carbonate, 
the  liquid  to  the    Sodium  carbonate, 
air.  '.  Sodium  bicarbonate. . 

Calcium  bicarbonate. 
'  Calcium  phosphate. 
'  Sodium  phosphate. 
Magnesium  sulphate. 
Calcium  sulphate. 
I  Ammonium  chloride. 
'  Sodium  chloride. 
I  *'  Coated"  iQVid. 
Hard  limestone  water. 
;  Lime  water  (slight). 
Alloys  of  lead  and  tin. 
Shaxing  withrowdered 
I    chalk    and    limestone 
and  then  filtering. 


[?  Mineral  acids  (in 
the  strengtJu 
used)  and  car- 
bonic acid  water.3 

Imperfect  aeration. 


(c*) — Moorland  Waters. 
The  study  of  the  erosive  power  exhibited  by  certain  moorland  waters 
is  attended  with  numerous  difficulties.*  The  subject  is  complicated  by 
the  parallel  question  of  plumbo- solvency,  which  cannot  be  readily 
dissociated  from  erosive  ability.  Moreover,  the  property  of  erosion  in 
the  case  of  moorland  waters  is  seldom  as  marked  as  in  the  case  of 
distilled  waters ;  points  of  difference  are  hence  apt  to  be  *'  masked '' 
and  even  overlooked.  A.gain,  erosion  occurs  in  a  different  fashion  in 
moorland  waters  as  compared  with  distilled  water.  With  distilled 
waters  erosion,  if  it  takes  place  at  all,  speedily  shows  itself  as  a  clearly 
visible  cloudiness  in  a  perfectly  transparent  liquid.  With  moorland 
waters  there  may  be  at  first  no  apparent  action  ;  the  liquid  is  often  of  a 
yellowish  tint  with  suspended  matter,  mixking  ohsorrations  difficult ;  the 

♦  Plate  XII.,  Fig.  15,  «,  A,  c^d. 
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lead  may  become  coated  at  the  outset  with  a  seemingly  satisfactoi^  film, 
and  only  much  later  this  coating  may  begin  to  fall  away  in  flakes  from 
the  anr&ce  of  the  metal,  leaving  patches  open  to  erosive  action. 

Perhaps  the  subject  will  be  l^t  approached  by  the  preliminary  con- 
'sideration  of  Table  XXXVIII.,  which  deals  with  the  action  as  regards 
erosion  of  lead  of  certain  moorland  waters  upon  bright  sheet  lead. 


I 


Table  XXXVIIL 

Showing  the  Action,  as  regards  Erosion  of  Lbad,  of  certain 

MooBLAND  Waters  upon  Bright  Sheet  Lead. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'')  completely 

submerged.] 


Deioripti<m  of  the  Experiment. 


Acidity 

in  Terms 

of  C.C. 

required  to 
neutndiae 
100  CO.  of 

the  Water. 


Bemarks  as  to  Erosion. 


Total 

MMlSalt 

(parts  per 

100.000). 


Aninist  26th.  1894:— 
(a.)  lOcx.Mjrtholmroyd  Beaer. 

voir  water  in  test  tabe  with 

leadlxr. 
(6.)  10    C.C.    Withins    Stream 

water  in  test  tube  with  lead 

ie.)  lo'cc  Jaek  enough  Stream 

waterintest  tube  with  lead 

1x4". 
id.)   10  cc.  Fletcher's    Dyke 

Stream  water  in  test  tube  with 

leadlxV'. 

^ iberUtii.1894:— 

a.)  lO&c.  Wakefield  " treated" 
water  in  test  tube  with  lead 
Ixr.   (Plate  XVI.) 

(oi.)  Same  as  (a)  • 

(6.)  10  cc.  Wakefield  "un- 
treated "  water  in  test  tube 
with  lead  IX  v. 

(&M  Same  as  (6). 

September  14th.  1894  :— 
la.)  10  e.c  Brushes  Beservoir 

water  in  test  tube  with  lead 

IxV'.   (Plate  XV.) 
lb.)  Same  as  (a). 
icA  10  ac  iiower  Swineshaw 

Beserroir  water  in  test  tube 

with  lead  IxV'. 
id.)  Sameasjd). 
M  10  e.e.  Hiffher  Swineshaw 

Seserroir  water  in  test  tube 

with  lead  IX  V. 
;/.)  Sameas(«). 

f.)  10  cc.  Teoman  He/  Reaer- 

?oir  water  in  test  tube  with 

leadlxi''. 
(A.)  Same  as  (^r). 

,.._iberMth.l894:— 

,a.)  10  cc    Keighley   Water- 

sheddels     Beservoir    water 

(before  filtration)  in  test  tube 

with  lead  ixr. 
(6^  Same    as   (a)    but    after 

lutracion. 
(c)  10  cc  No.  18  acid  peat 

feeder      to      Watersbeddels 

Besenroir   in  test  tube  with 

leadlxi". 
(d.)  Same  as  (a). 
U.)  Suae  as  (6). 
(/.)  Sameas  (r). 


l^i^ 


OSO  September  24th.  Slighterosion 
in  la),  great  in  (d),  none 
yisiblein  (6),  (c). 

0-42       I  > 

0*42 
1-70 


Neutral    ;  Lead  renewed  in  (aM  Septem- 
'      her  14th.  16th,  17th.  18th,  ' 
i      19th.21st  and  24th.  October 
I      10th.    No  action  in  (a)  and 
0*84       I      no  action  in  {a^),  notwith-  , 

standing  frequent  renewal 
I  of  lead.  As  regards  (b)  and 
I      lb^)»    by    September  17th,  . 

distinct  action  in  both  the 
I     tubes. 

Neutral  '  September  Itth  and  17th.  Lead  < 
renewed  in  (6),  (d),  (/),  (A),i 
,  September  18th.  No  action  in 
I  (a),  ie),  («),  but  slight  action 
in  (f).  Action  in  all  the 
tubea  where  the  lead  was 
renewed,  viz.,  (6),  {d),  (/). 


0-42 


0*00 


(*). 
October 


0*48 


Neutral 
0*80 


October  10th.   Still  no  action  i 
-      in(a).(0),(0).actionin(^)  | 
but  not  so  marked  as  in  toe  , 
,     case  of  ih). 

I  Distinct  action  in  (6).  (d),  (/),  > 
(a). 


I 

,  September29th.  Lead  renewed 
^fn  (d),  (d).  m. 

;  October  11th.  No  action 
visible  in  (a),  (6).  and  only 
very  slight  in  (c).   Action 
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Table  XXXVIII.— ca/i/eiiie^rf. 


Desjcription  of  the  ExpeHinent. 


Acidity 
in  Terms  ' 
of  C.C. 

?N.,CO., 

requirod  to  1 

neutralise  , 

100  C.C.  of  I 

theWatei*.  f 


^RemarkK  as  to  Erosioiu 


October  18tb,  1804:— 

(a.)  10  CO.  Leedimain  water  in 
I        test  tube  with  lead  1  x  i", 

(6.)  Same  as  (a). 
'      (r.)  S  C.C.  of  same  water  as  in  {a) 
I         +  5  CO.  XXX  distilled  water. 

!  October  18th,  1891:— 

1      (aj  10  C.V.  of  same  water  as  in 

Kxperiment  2  (6)  in  test  tube 

Witt  lead  ixi". 

October  22nd,  1894  :— 
I      (a.)  10  cc.Wicken  spring  water 
I         (No.  1)  in  test  tnbe  with  lead 
I         ixi". 

(6.)  Same  as  (a), 
(r.)  10  cc.  Wicken  spring  water 
( No.  2)  in  teat  tnbe  with  lead 
IxV. 
I      {d.)  Same  as  (c). 

(e.)  10  O.C.  Wicken  spring  water 
(No.  3)  in  test  tube  with  lead 

I      (/.)  Same  as  (0). 

iff.)  10  C.C.  Wicken  spring  water 

(No.  4)  in  test  tube  with  lead 
I  Ixi". 

I      ih.)  Same  as  (p). 
I      (»'.)  10  C.C.  Wioken  spring  water 

(No.  6)  in  test  tube  with  lead 


( t'.)  Same  as  (•). 


I 


,„.)  10  CO.  Wicken  Brook  in  test 

tube  with  lead  IxV'. 
(I.)  Same  as  (A;). 

October  2«th,  1894  .— 

(r.)  10  0.C  water  from  neutral 
ferruginous  stream  (t>  1) 
entering  Oraincliffe  stream 
(Shipley  Waterworks)  in  test 
tnbe  with  lead  IX  v. 

(c/.)  Acid  peat  feeder  (D  12)  to 
Oraincliffe  stream,  10  c.c.  in 
test  tube  with  lead  1  x  i". 

M  Acid  peat  feeder  (D  8)  to 
Black  Dyke  stream.  10  cc.  in 
test  tube  with  lead  1  x  i", 

CA)  Acid  peat  feeder  (D  2)  to 
Oraincliffe  stream,  10  c.c.  in 
test  tube  with  lead  1  x  i" 

(g.)  Acid  neat  feeder  (D  9)  to 
Oraincliffe  stream,  10  c.o.  in 
test  tube  with  lead  1  x  1". 

(h^  Acid  wmi  feeder  •  (IH))  >  to 
Oraincline  stream,  10  cc.  in 
test  tube  with  lead  1  x  \", 

(m.)  Weecher  stream,  10  c.c.  in 
test  tube  with  lead  1  x  V'. 

in.)  Bldwick  Beser%'oir  water, 
10  CO.  in  test  tube  with  lead 
IX  I". 

(o.)  Black  Dyke  stream,  10  cc. 
in  test  tube  with  lead  1  x  i". 

November  3rd,  1804:— 
(a.)  10  CO.  Morle/  main  water 

in  test  tnbe  witn  lead  lx\". 
(6.)  Same  as  (a). 


N«iitral 


cr84 


Neutral 


Neutral 


Acid 


1-08 
0*96 

1-20 


?  Trace 
acid. 


October  19th  and  iOth. 

renewed  in  (6). 
October  27th.       No    action 

^istblein(ff),(6),  (c). 


By  October  20th,  action  dis- 
tinct. October  22nd,  action 
vet;^  great.  Amount  of  lead 
estimated. 

October  28rd  and  84th.  Lead 
renewed  in  (6),  (d),(/),  (*). 
U)»  (0.  October  26th.  Action 
in  ih),  (i),  not  m  any  of  the 
other  tuDM.  Lead  renewed 
in  (6),  («f),(/).(0.  October 
27th.  Still  no  action  in 
iqUb),ie),(d).i0)Af)Ag), 
{*),  ik),  (0>  but  dirtinct 
action   in    (4),  iJ). 


again  renewed  in  (5),  (<2), 
(/).  («).  October  28th.  ib), 
id),  (/).  il)»  now  showed 
action .  Lead  removed,  acid 
added  to  contents  of  tubes, 
and  amount  of  fead  estS- 
matod. 


November  6th.  1894.  No 
action  visible  in  ic),  action 
in  (d).(e).(/).(flr),  (*).(«). 
(i>),  (o).  Action  greatest  in 
io). 

Ijcad  removed,  acid  added  to 
contents  of  tubes,  and 
amonnt  of  lead  estimated. 


November  4th.     No   aetidn 

visible  in   (a),  (ft),  so  lead 

renewed  in  (6).    • 
November    14th.      Still    no 

action  in  (o),  distinct  action 

in  (6). 


Total 
Lead  Salt 

(parts- pew 
100,000). 


(a.)  40-0 


(a.)Trac«w, 


ib.)    6u 
(r.)TmcfA- 


id,)    5-0 
(«.)  Traces. 


(p.)  Traces. 


ih'.)  20-0 
(f.)  Traces* 


iJ.)  2t)-o 
(Jfc.)  Traces. 

a.)     6:«» 


(r.)    1-0 


(A) 

00 

(•.)- 

4-0 

(/.) 

14-0 

(p.) 

4-C> 

{h.) 

120 

(«.) 

50 

in.)  100 

(a)  «5o 


No 
irecord. 
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Table  X^XYIlL-HiorUinued. 


Datflription  of  the  Bxperimont. 


10  '  NoTemlierieai,18M:~ 

(oj  10  e.0.  Wakefield  w»(er  elter 
*        ^tnetment"    in    test  tube 
with  lead  ixr. 
(6.)  SenMM  (n). 

11  NorembHT  I7tb.  1804.     10  c.c.  of 
i     eeeh  of  the  following  feeden 

to    Wateraheddeb    Beur?Dir 
'     (Keii^iky  Watenrorka)  in  teet 
]     fubee  with  lead  lxV':~ 
'    '  No.lS,acid 

A^neatral 
..,  Iio.ll,femiginousBtraain, 
DeoM. 
[d.)  Ilb.l0.aoid 

Z  condnit  water,  acid     • 
No.  18.  neatral 
NOk  %  neatral 
No.  8,  neatral  -    •  - 
No.  4v  acid- 
No.  6,  aoid 


11 


Norember  17th.  1804 :—  ^ 
(a.)  10  e.c  wateraheddeli'Re- 
■enroir  water   in  tent   tube 
with  lead  ixi". 


.  lb,)  Same  ee  (a). 
(e.)  r 


14 


..,  Shnie  water  atf  in  (a),  but 
after  leaving  filtration  wofks. 
(d.)  Sameaslr). 


November  S4th,  1804  !— 

(a.)  10  CO.  River  Don  (before 
entrance  to  Dunford  Beeer- 
voir)  in  teet  tube  with  lead 
IxV'. 

(6.)  Same  as  (a). 


November  24th,  1804.  10  o.c.  of 
eacii  of  the  fbllowixur  supply 
atieamt  to  Dunford' Reeervoir 
in  tflrt  tubes  with  lead  1  x  \"  .— 
a.)  Great  Grain  OUMgh,  Acid 
b.)  Same  as  (a), 
e.)  Little  GniinCIough,  acid 
d.)  Same  as  (c), 

Dearden  Clough.  neutral 
I  8ameas'(tf>. 

Swine  Cloagh,  acid 
I  Same  as  iff). 


Aoidity 
inTsrms 

of.04Srf 

required  to 
neutralise 
100ae.of 
the  Water. 


Neutral 


0'78 
Neutral 


O'OO 

0'72 

Neutral 


0*48 
0-7S 


0*54 


Neutral 


Neutral 


I 


Total 
LsMlSalt 


December  11th.  No  action  in 
(a).  (6).  Lead  removed, 
acid  added  to  eontents  of 
tubes,  and  amount  of  lead 
tested  for. 


Little  or 

{b)Ae)Af)A9h 

{h),(i).   Distinct  aotkm  in 
(a),  (a)  As)  A  J)*  Amount  of 


Janoanr  7tb.  1880. 
0  action  in 
).   D 


Acid 


Neutral 
Acid 


(a.)    0-0 
ib.)    0-0 


(a.)  lO-O 

W    ^'^ 
M    0*5. 

d.)  10*0 
;«L)  Id'O 

o.i  r$ 

h.)  0-0 
i.)  0-1. 
i.)  »0 


November  19th.  Lead  re- 
newed in  (6).  (d). 

November  nit  Action  now 
in  ib),  (d)»  none  visible  in 
(a),  (o). 

November  84th.  Enormous 
action  in  (6),  (d),  no  action 
apparsntly  m  (c)  and  only 
very  slight  in  (a),  (a)  and 
(e)  tested. 
I  January  7th.  1800.  (6)  and 
(d)  tested. 

I  November  asth.     No  action 
'      (a).  (6).  so  lead  renewed  in 
!       (6). 
December  8th.  StUl  no  action 

(a).  (6).  so  lead  again  re* 

newed  in  (b). 
January  7th.  1806.    Still  no  , 

action  in  (a)  but  distinct  ! 

action  in   (6).    Amount  of  i 

lead  estimated. 


November  Mth.  *  Nd  artion 
visible  in  any  of  the  tubes, 
so  lead  renewed  in  {b),  (d), 
(/).  (*). 

December  8th.  Still  no  action 
(a),  ie),  (tf),  and  only  trace  in 
Iff],  No-action  in  (A),  (d), 
if),  but  great  action  in  (h\. 
Lead  renewed  in  (6).  (d), 

JannaiT  7th,  1895.  No  action 
'visible  in  (a),  (o),  (4).and 
only  very  slight  in  (^).  No 
action  apparently  m 
diktinct  action  in  {b), 
(Aj).  ik  mount  of  lead 
mated. 


(a.)    «*0 

(&.)180*0 
(c.)  Trao^ 

(d.)  WO 


(a.)    0-0 


(&.)  S5'0. 


Q    id), 
d  estl 


[b.\  80' 

(4    «• 

d.)    1' 
*.)     1- 

m 


o> 
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T^BLE  XXXYllL^canttnued. 


Iff 


18 


17 


u 


19 


21 


n 


25 


Deicription  of  the  Bzperiment. 


January  SSrd.  18M  :— 
(a.)  10  e«e.  Dnnford  Reaerroir 

water  in  teat  tube  with  lead 

ixi". 
(6.)  ff  C.C  of  the  same  water  as 

in  (a)  -I-  6  CO.  XXX  distUled 

water 
January  81st,  1896:— 
(a.)  10  O.C.  Brushes  Bieservoir 

water  in  test  tube  with  lead 

1x4". 
(ft.)  5  O.C.  of  the  same  water  as 

in  (a)  +  ff  O.C.  XXX  distiUed 

water. 
Febmai^  6th  189ff  :— 
(a.)  10  0.C.  Morley  main  water 

in  test  tube  with  lead  1  x  if'. 
(b.)  Same  as  (a). 


February  8th«  18M  '— 
(a.)    10  C.C    Keighley    water 
(after  filtration)  in  test  tube 
withleadl  x4". 
(6.)  Same  as  (a). 


Maylrt  1896:— 
(a.)  10  ex.  Mossier   water  in 

test  tube  with  lead  Ix  V'. 
(6.)  Same  as  (a). 


May  9th,  1896:-      ^  ^       . 

(a.)  10  ca  Mossley  water  in 

test  tube  with  lead  ixi". 
(6.)  Same  as  (a). 

May  Uth,  1896:— 
(a.)  10  0.0.  Mossley  water  in 

test  tube  with  lead  ixr. 
(6.)  Same  as  (a). 

May  2lBt.  1896:- 
(a.)  10  0.0.  Mossley  water  in 

test  tube  withleadl  x  f'. 
(6.)  Same  as  (a). 

May  29tb,  1896:- 
(a.)  10  ao.   Mossley  water  in 

test  tube  with  lead  1  x  i". 
(6.)  Same  as  (a). 

June  6th,  1896:— 
(a.)  10  0.0.  Mossley  water  m 

test  tube  withleadl  x\", 
(6.)  Same  as  (a). 


May  17th,  1896:-      ,    ^  .  ^, 
(a.)  10  0.0.   filtered    Keighley 

water  in  test  tube  with  lead 

1  X  i". 
(b.)  Same  as  (a), 
(c.)   10    CO.    Keiffhley   water 

before  filtrationln  test  tube 

withleadl  xi". 
(<f.)  Same  as  (a). 


Acidity 
in  Terms 

of  0.0. 

required  to; 
neutralise  | 
100  CO.  of  , 

the  Water. 


Remarks  as  to  Erosion. 


Total 

Lead  Salt 

(parts  per 

— C 


100,000). 


0*42 


Neutral 


0-60 


Neutral 


Trace  acid 


Nentiml 


0*64 


January  26th.  1896.  No  action 
▼isibie  in  (aK  very  de<^ded 
action  in  (6).  Amount  of 
load  estimated. 


February  Uth.  1806.  No 
apparent  action  in  (a),  (6). 
Amount  of  lead  estimated. 


February  7  th. 

in  (6). 
February  9th, 


(a.)     1-0 
(6.)  aO'O 

(a.)    0*5 
(6.)     1*0 


Lead  renewed     (a.)    2*o 


Action  in  (6), 
no  action  visible  in  (a). 
Amount  of  lead  estimated.    . 

February  9th.    Lead  renewed  , 

in  (6). 
February  18th.     No  action 

▼isibie    in     (a) :    distinct 

action  in  (6).     Amount  of 

lead  estimated. 

Experiments  19  to  24  are  a 
continuation  of  Table 
XXXIX.  (Table  XXXIX. 
deals  with  Mossley  wat^r 
before  it  waa  treated  with 
lime).  Lead  renewed  in 
(A)  May  2nd  andSrd. 

May  8th.  No  action  visible 
in  (a);  distinct  in  (6). 
Amount  of  lead  estimated. 

Lead  renewed   in    (6)    May 

11th. 
May  16th.    Distinct  action  in 

(a),  none  in  lb).    Amount 

of  lead  estimated. 

Lead  renewed  in   (6)    Msy 

16th. 
Msy  20th.     Distinct  action 

now  in  (6)  and  none  in  (a). 

Lead  renewed  in  (6)    Hsy 

28rd  and  24th. 
Mi^  28th.     No  action  in  (a). 

very  marked  action  in  (6). 

May  Slst.    Lead  renewed  in 

(6). 
June  6th.  No  action  in  (a), 

distinct  in  (ft). 

Lead   renewed  in  (ft)  June 

7th.  8th.  9th. 
June    12th.      Now    marked 

action  in  (ft)  and  no  action 

In  (a). 

Lead  renewed  in  (ft),  (d)   as 

no  action. 
Mi^  2Srd.    No  action  in  (a), 

action  distinct  in  lb),  \e)» 

{d\.     Amount     of     lead 

estimated. 


(ft.)  10*0 

(a.)    0*6 
(ft.)  16-0 

(a.)    0*5 
(ft.)  10*0 


(a.)    0*6 
(ft.)  12*5 

(a.)  Traoe. 
(M    7*6 

(a.)    0*6 
(ft.)  20*0 

(a.)  Trace, 
(ft.)  16*0 

(a.)    0*6 
(ft.)  16-0 

{a.)  0-5 

(ft.)  16-0 
(c.)    7-6 

id.)  10-0 
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Table  XXXVlIL^continued. 


Deacription  of  tho  Experiment 


'  I 


Acidity 
inTenufl 

of  C.C. 

raquiredto 
neutralise 
100  O.C.  of 
the  Water. 


Benuurks  ai  to  Brosion. 


Total 
Lead  Salt 
(parte  per 
100,000). 


W|  Mv28tli,1895:— 

(a.)  10  C.C.   filtered    Keighley 
Tpater  in  teat  tube  with  lead 
Ixf, 
(b.)  Same  as  (a), 
(c.)  10    C.C.    Keighley    water 
itest 


before  filtration  int 
with  lead  Ix  v. 
Ja»  (c). 


tube 


(d.)  Saniea 


Jane  lst«  1895  :— 
(a.)  10  C.C.  Sheffield  main  water 
(High  level)  in  test  tube  with 
leadlxV. 
Same  as  (a). 
10  C.C.  Sheffield  main  water 


^i 


(Low  level)  in  test  tube  with 
lead  ixV'. 
(<2.)  Same  as  (e). 


I 


28;  June  6th.  1896:— 

(a.)  10  0.0.  Todmorden   main 
water  in  test  tube  with  lead 
I        ixt". 

(&)  Same  as  (a). 


June  8tb,  1S95 :— 
(a.)  10  C.C.    Keighley  filtered 

water  in  test  tube  with  lead 

IxV. 
lb.)  Same  as  (a), 
(c.)  10    CO.    Keighley    water 

before  filtration  in  Mst  tube 

with  lead  1x4". 
(d.)  Same  as  (e). 


June  18th,  1896:— 
(a.)  10    C.O.    Bradford     nudn 

water   (High  level)   in  test 

tube  with  lead  IxV'. 
(6.)  Same  as  (a), 
(r.)  10    C.C     Bradford    main 

water    (Low   level)   in  test 

tube  with  lead  IxK 
id.)  Same  as  (e). 


Juno  16th,  1806.  10  c.o.  of  each  of 
the  following  waters  (Sheflleld 
Waterworks)  in  test  tubes  with 
lead  IX V':— 


a,)  Bradfield  water      -       - 
P'l        ■»  » 

,c.)  Strines  Brcservoir  water - 
d.)         u  u  n 

e.)  Ogden  Reservoir  water  - 

Hadfleld  Reservoir  water 


t 


1)  Lower  Redmires  Reser- 
voir waUfr. 

(y.)  Lower  Redmires  Reser- 
voir water. 

(Ar.)  Higher  Redmires  Reser- 
voir water. 

(*.)  Higher  Redmires  Reser- 
voir wat«r. 

6     98614. 


Neutral 


0*48 


Neutral 


Slightly 
sSid. 


Neutral 


0*64 


Neutral 


Neutral 


0*24 


«'S8 


Lead  renewed  in  (6),  (J), 
May  29th. 

June  6th.  No  action  visible 
in  (a) :  distinct  in  (c) ;  very 
marked  action  in  (6),  (d). 


June  Snd.  Lead  renewed  in 

{b),  id)  as  no  action. 
June  Srd.   Slight  action  now 

in  (b),  none  in  (d).  so  lead 

renewed  in  (d). 
June  8th.  No  apparent  action 

(a),  (o),  distinct  in  (6),  (d). 


June  7th.    Lead  renewed  in 

(6). 
June  12th.    Slight  action  in 

(a)  \  very  marked  action  in 


June  9th.    Lead  renewed  in 

(6),  (d). 
June  19th.    No  action  visible 
and  only  slight  in 
very  great  action 


in  (a),  an 


Lead  renewed  in  (ft),  (d), 
June  18th,  14th,  16th.  letb, 
and  17th. 

June  28th.  No  apparent 
action  in  (a),  (ft),  (o),  (d). 


June  16th.  Lead  renewed  in 
(6).  (d),  (/).  (J),  U).  {Ih 

June  16th.  Lead  atpuu  re- 
newed  in  (d). 

June  23rd.  Distinct  action  (ft), 
(d),(/).(*)..(i),  ({).  NV> 
apparent  action  in  (a),  (c), 
(«).  Actionin(^).(<).(A). 
Amount  of  lead  estimated. 


(a.)    0-6 

(ft.)  20*0 
(c.)  lO'O 

(d.)  80-0 


(a.)    0*6 

(ft.)  lO'O 
(c.)    0-6 

(d.)  86*0 


(a.)    6*6 
(ft.)  36-0 


(a.)  0-6 

(ft.)  6-0 

(o.)  7-6 

(d.)  46*0 

(a.)  0*6 

(ft.)  0-6 

(c.)  O'O 

(d.)  0-6 


d.)     0-6 
/)  26-0 

%)  10-0 
i.)    lO'O 

(/.)S6-a 

{Jk.)  16-0 
{I.)   30*0 
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Tabu  XXXYIII — continued. 


I 


DeKription  of  the  Eiperimoit. 


Acidity 

in  Terms 

of  0.0 

I5NHCO, 

required  to 
neutralise 
100  c^.  of 
the  Water. 


Bemarki  as  to  Erosion. 


ToUI 
Lead  Salt 


June  19th,  1895.  10  c.c  of  eadh  of 
the  following  waters  (BradfDrd 
High  Lemel  waterworks)  in  test 


tubes  with  lead  IxV':— 
(a.)  Thornton  Moor  Reservoir 

water,  before  treatment, 
(ft.)  Thornton  Moor  Beserroir 

water*  before  tiestment. 
(c.)  Thornton  Moor  Reservoir 

water,  after  treatment. 
(d.)  Thornton  Moor  Reservoir 

water,  after  treatment. 
(«.)  Moss  Spring  water 

'  Stnbden  Reservoir  water 


wa 


M 


June  £6th,  1896^  10  0.0.  of  each  of 

the  fallowing   waters   (Batlev 

Waterworks)  in  test  tubes  with 

leadlxi".:— 

(a.)  Tateholme       Rsaervoir 

water. 
(6.)  Tateholme        Reservoir 

water. 
(e.)  Ramsden  Clough  • 

(tf.)  YateWme  spring  water - 

t/.)  W  *•  M 

July  10th,  189S  :- 
(a.)  10  0.0.    filtered  Keighley 

water  in  test  tube  with  lead 

ixr. 
(6.)  10  cc  filtereii    Keighl^ 

water  in  test  tube  with  lead 

1  X  V'. 
{e,)  10  *  ex.    Keighley    water 

before  filtration,  in  test  tube 

withleadlxr. 
(d.)  10    CJD.    Keighley   water 

before  filtration,  in  test  tube 

with  lead  ixi". 

July  18th.  1896.— 

(o.)  10  0.0.  Bamsley  Reservoir 
( Ingbirehworth  )  unflltered 
water  in  test  tube  with  lead 
IX  v. 

(ft.)  10  0.0.  Bamsley  Reservoir 
( Ingbirehworth  )  unflltered 
water  in  test  tube  with  lead 
1  X  I." 

(e.)  10  0.0.  Bamsley  water  after 
filtration  through  filter  beds 
containing  sand  and  lime- 
stoneTmtest  tube  with  lead 

IX*". 

(d,)  10  ac.  Bamsley  water  after 
flltralion  through  filter  beds 
containing  sand  and  lime- 
stone, in  isst  tube  with  lead. 
1  X  i" 

(«.)  10  r.e.  Bamsley  water  after 
filtration  throiufa  filter  beds 
containing  sand  and  pebbles 
(no  limestone),  in  test  tube 
with  lead  1  X  V', 

(/.)  10  o.c.  Bamslev  water  after 
filtration  througn  filter  beds 
containing  sand  and  pebbles 
(but  no  limestons),  in  test 
tubs  with  lead  ixi''. 


0'4S 


Neutral 


?  Trace  acid 


Neutral 


June  20th.    Lead  renewed  in 

(ft),  id),  if)  Ah). 
June  Slat.  22nd.  2Srd.  Lead 

renewed  in  (d).  (/).(*).. 
June  24th.    Lead  renewed  in 

id),  (4). 
June   28th.    Distinct  action 

(«)»  (6).  (/);    no   action 

visible  (c-).(<r).(s).(^).(*). 

Amount  of  lead  estimsted. 


June  27th.    I^eed  renewed  in 

,  (ft),  (d).  (/).  ^         __,  , 

June  28th.    Lead  renewed  in 

JuneSOtb.    Lead  renewed  in 

i  June  90th.   Lead  renewed  in 

I  Julys'rd.  No  apparent  action 
in  (aj.(c).  («).(/).  distinct 
action  in  (ft),  (a).  Amount 
of  lead  estimated. 


?  Trace  acid 


0-48 


Neutral 


July  11th.  Lead  renewed  in 
(0).  id), 

July  15th.  No  action  in  (a), 
distinct  action  in  (ft),  (c). 
id).  Amount  of  lead  esti- 
mated. 


Julr  Uth.   Lead  renewed  in 
Julv22nd'.   Dtotinet  action  in 


slight  action  in 
visible 
w%ia.j    uiffht    in    (u,,  y^. 
Amount  of  lead  estimated. 


(6).  (/). 
(a),  none    . 
very    slight 


(d).  ISj: 


(a.)  20-0 
(ft.)  SO'O 
(c.)  Trace, 
(d.)  Trace. 


>.)Trace. 

/.)  26-0 
'.)  1*0 
u)    9-5 


»; 


(fl.)  8'0 
(6.)  20-3 
(c.)     0-8 

id.)    2-0 

(•.)    i-o 

(/.)  15-0 
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Experiment  1  indicates  the  strong  erosiye  power  of  Fletcher's  Dyke 
stream,  a  highlj  acid  feeder  supplying  Mytholmrojd  ReserToir.  Ex- 
periment 2  is  of  considerable  interest.  It  shows  that  Wakefield 
^  treated  "*  water,  even  when  the  lead  was  renewed  repeatedly,  was 
cmable  to  erode  lead  ;  whereas  the  ^'  untreated  "  water  showed  a  distinct 
action  on  lead.  Experiment  3  exeibplifies  the  fact  that  many  moorland 
waters,  although  not  possessed  of  appreciable  erosive  power,  are  very 
near  the  possession  of  this  ability  (Plate  XV.,  Fig.  J  8).  Thus  a  single 
renewal  of  the  lead  may  exhaust  the  *^  plumbo-protective  "  substances 
present  in  tlie  water,  and  so  initiate  vigorous  action.  Experiment  4 
teaches  a  similar  lesson.  On  the  other  hand,  Leeds  water,  which 
contains  more  spring  water  than  those  previously  considered,  is 
evidently,  judging  from  Experiments,  further  removed  from  this  ability 
to  erode  lead.  Experiment  6  deals  with  the  same  water  as  in  Experi- 
ment 2  (6)  and  is  a  good  example  of  an  acid  moorland  water  possessed 
of  vigorous  erosive  power.  Experiment  7  is  of  interest  because  it  deals 
with  (excepting  (A  >,  (/),  mixture  of  spring  and  peaty  water)  almost  pure 
moorland  spring  water,  and  shows  that  such  water  lias  no  erosive 
power,  and  ind^  requires  as  a  rule  repeistted  renewal  of  the  lead  to 
induce  erosion  to  take  place.  Experiment  8  relates  to  peaty  waters 
obtained  from  the  Shipley  Waterworks  moorland  gathering  ground. 
All  the  waters  were  acid  and  eroded  lead  to  a  greater  or  lees  extent, 
except  one,  in  which  ihe  action  was  scarcely  appreciable.  This  sample 
was  an  example  of  a  neutral  ferruginous  water.  Experiments 
0  and  17  show  that  Morley  main  water  was  very  near  the  possession  of 
erosive  ability.  Experiment  10  shows  how  satisfactory  is  the  treatment 
of  Wakefield  water  with  sodium  carbonate.  Experiment  11  deals  with 
the  examination  of  a  number  of  ''  feeders  "  to  Watersheddels  Beservoir, 
Keigbley  Waterworks.  Generally  speaking,  the  acid  samples  eroded 
lead  and  the  neutral  showed  little  or  no  erosive  power.  Experiment  12 
shows  the  enormous  increase  in  erosive  power  produced  by  a  single 
renewal  of  the  lead  in  the  case  of  the  Watersheddel  Beservoir  water 
before  filtration.  It  also  shows  that,  although  the  filtered^  water  had 
no  erosive  power,  the  filti-ation  ).  rocess  had  no  power  to  put  the  water 
in  a  position  remote  from  the  possession  of  erosive  ability,  since  a 
single  renewal  of  the  lead  started  a  vigorous  action. 

Experiment  13  shows  that  the  Biver  Don  the  main  feeder  to  Dnnford 
Beservoir,  Dewsbury  Waterworks,  has  no  appreciable  erosive  power,  but 
that  a  twice  repealed  renewal  of  the  lead  sufficed  to  induce  erosion. 

Experiment  14  deals,  as  regards  erosion,  with  other  supply  streams 
to  Dunford  Beservoir.  Swine  Clough  acid  water  alone  eroded  lend  to  any 
marked  extent;  but  Great  Grain  Clough  and  Dearden  Clough  waters 
were  near  the  possession  of  this  ability,  as  is  shown  by  the  efiect  of  the 
renewal  of  the  lead.  Experiment  15  shows  that  Dunford  Beservoir 
water  has  no  appreciable  erosive  power;  but  that,  if  it  be  diluted 
one  half  with  XXX  distilled  water,  considerable  erosion  takes  place.  A 
similar  experiment  (Experiment  16)  was  carried  out  with  Brushes 
Beservoir  water  (Ashton  under-Lyne  Waterworks) ;  but  iiere  the 
addition  of  the  XXX  water  did  not  induce  any  marked  erosion,  showing 
that  Brushes  Beservoir  water  contains  a  larger  amount  of  plumbo-pro- 
tective substance  than  is  possessed  by  the  water  of  Dunford  Beservoir. 
Experiment  18  shows  that  Keighley  water,  after  filtration,  although 
giving  rise  in  the  first  instance  to  no  appreciable  erosion,  is  not  far 

*  The  wattr  i»  treated  with  Bodinm  oarboiwte.    Plate  XVI.,  Fig.  19. 
t  Ttie  water  is  Altered  through  coke«  tand,  limestone,  and  polante. 

K   2 
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removed  from  possession  of  ibis  quality.  EzperimeDts  19  to  24  deal 
'with  Mosslej  water  after  the  lime  treatment  had  been  put  in  operation. 
Thej  show  that  sach  treatment  does  not  place  a  moorland  water  in  a 
position  remote  from  the  possession  of  erosive  ability.  Expeiiments  25, 
26,  29,  34,  deal  with  Keighlej  water  t>efore  and  after  filtration.  Before 
filtration  the  water  was  acid  aod  eroded  lead.  After  filtration  the 
water  was  neutral  and  no  longer  eroded  lead ;  but  it  is  to  be  noted  that 
the  filtration  did  not  entirely  counteract  the  tendency  to  erode  lead 
initially  possessed  by  tlie  water,  since  a  single  renewal  of  the  lead 
sufficed  to  induce  a  decided  erosive  action.  Experiments  27  and  28  deal 
respectively  with  Sheffield  (high  and  low  level  supply)  and  Todmorden 
main  waters.  The  Sheffield  water  was  readily  induced  to  erode  lead  by 
a  single  renewal  of  the  piece  of  lead ;  the  Todmorden  water  eroded 
lead  to  some  extent  in  the  first  instance. 

Experiment  30  shows  that  Bradford  main  water  (high  and  low  level 
supply)  wai9  seemingly  well  on  the  safe  side  as  regards  erosion,  3ince 
a  renewal  of  the  lead  on  five  separate  occasions  failed  to  induce  erosion. 
Experiment  31  deals  with  some  experiments  with  waters  obtained  from 
the  high  and  low  level  gathering  grounds  of  Sheffield  Waterworks. 
Generally  speaking,  the  acid  waters  eroded  lead  in  the  first  instance, 
and  the  neutral  waters  required  the  lead  to  be  at  least  once  renewed  in 
order  to  induce  erosion  to  take  place. 

Experiment  32  deals  with  waters  obtained  from  the  high-level 
gathering  ground  of  the  Bradford  Waterworks.  Thornton  Moor 
Resei*voir  water,  before  treatment,  was  acid  and  eroded  lead  in  decided 
fashion.  After  treatment  the  water  was  neutral  and  bore  renewal  of 
the  lead  on  three  occasions  without  exhausting  its  '' plumbo- protective  " 
power.  Stubden  Reservoir  water  had  no  appreciable  erosive  power,  and 
renewal  of  the  lead  did  not  induce  erosion  to  take  place.  Moss  spring 
water  did  not  erode  lead  in  the  first  instance,  but  a  renewal  of  the 
lead  on  two  occasions  was  followed  by  an  erosive  action. 

In  Experiment  33  the  results  of  the  examination  of  Batley  waters  are 
given.  The  waters  displayed  in  the  first  instance  little  appreciable 
erosive  power  ;  but  a  single  renewal  of  the  lead  induced  erosion  in  the 
case  of  Yateholme  Reservoir  water  and  Bamsden  Clough  water,  Yate- 
holme  spring  water,  on  the  contrary,  bore  renewal  of  the  lead  on  four 
occasions,  without  its  ^'  plumbo-protective "  power  being  entirely 
exhausted. 

Experiment  35  deals  with  Bamsley  water.  The  unfiltered  reservoir 
water  eroded  lead  in  the  first  instance  to  some  extent ;  a  single  renewal 
of  the  lead  greatly  increased  the  action.  The  filtered  water  was  on  the 
whole  satisfactory ;  but  the  filter  beds,  containing  no  limestone,  did  not 
appear  to  place  the  water  on  the  safe  side,  as  regard  erosive  ability, 
since  on  a  single  renewal  of  the  lead  decided  erosion  ensued. 

The  experiments  given  in  the  above  table  have  been  considered  in 
some  detail,  because  they  serve  to  illustrate  some  points  of  considerable 
importance.  For  example,  they  show  that  an  acid  moorland  water  not 
uncommonly  erodes  lead  to  an  appreciable  extent,  and  that  a  neutral 
moorland  water  does  not  usually  erode  lead,  but  is  near  the  possession 
of  erosive  ability.  Finally,  that  although  "treatment"  of  an  add 
moorland  water  possessed  of  erosive  ability  usually  renders  it  neutral 
and  non -erosive,  the  water  commonly  remains  in  a  position  so  near 
the  possession  of  erosive  ability  as  to  be  probably  stUi,  under  certain 
circumstances,  potentially  dangerous..  This,  however,  is  not  the  case 
when  sodium  carbonate  is  used  (see  results  with  Wakefield  water). 

It  is  convenient  to  consider  in  the  next  place  Table  XXXIX« 
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Tablh  XXXIX. 

Shoiring  the  Action,  as  regards  Ebosion  of  Lead,  of  Mossley  Water 
upon  Bright  Sheet  Lead:  (a)  ander  ordinary  conditions; 
(6)  upon  renewal  of  Lead. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'0  conipletelj 
submerged.] 


No. 


Description  of  Experiment. 


Bemarki. 


Total 
Lead  Salt 
(parte  per 
100,000). 


AQgiistUtli.l8M.— 
(a.)  10  0.0.  Hoeeley  water  in  teet  tube  with 

bright  lead  5  xV'. 
(d.)  8ainea«(a). 


Ai]etutttnd.lSM:-- 
(a.)  10  CO.  Moesley  water  in  test  tube  with 
^_      bright  load  IX  v.    (Plate  VIII.) 
(6.)  Same  aa  (a). 


Aagaat»tb.l894:— 
(a.)  10  0.0.  Monley  water  in  test  tube  with 

bright  sheet  lead  ix  I". 
(6.)  Sameaa  (a). 


,     nberllth,18M:- 

(o.)  10  0.0.  Moealey  water  in  test  tube,  with 

bright  sheet  lead  IxV. 
(6.)  Same  as  (a). 


September  18th.  1894  :— 
(a.)  10  0.0.  Mossley  water  in  test  tube  with 

bright  sheet  lead  Ixf'. 
(ft.)  Sameaa  (a). 


OetobereDd,18M:— 
(a.)  10  CO.  Mossley  water  in  test  tube  with 

bright  sheet  lead  Ix  v. 
(ft.)  Same  as  (a). 


October  9th,  18M:— 
(a.)  10  CO.  Mossley  water  in  test  tube  with 

bright  sheet  lead  ixr. 
(b.)  Same  as  (a). 


October  16th,  1804:— 
(a.)  10  CO.  Mossley  water  in  test  tube  with 

bright  sheet  lead  IX  v. 
(b.)  Same  as  (a). 


_  renewed  in  (b) 
August  ISth  and  16th. 
By  August  80th,  Tery 

Ksat  action  in  (b). 
me  action  also  in  (a), 
but  vex7  slight  com- 
pared with  (&}• 

Lead  renewed  in  lb)  on 
August  SSrd  and  84th. 
Erosion  commenced  in 
{b)  August  25th. 

September  4th.  Qreat  ac- 
tion   in     (b)  ; 
visible  in  (a). 


Lead  renewed  in  (6)  on 
August  80th,  81st,  and 
September  1st.  By  Sep- 
tember 4th,  erosion  dis- 
tinct in  (b) ;  none  in  (a). 

September     17th.      1894. 
very  great    action 
(A),  still  noi 


m 
none  visible  tn 


Lead  renewed  in  (6)  on 
September  13th.  By 
September  14tb,  erosion 
in  (6),  but  none  in  (a). 

September  24th.  very 
great  action  in  (6) ;  none 
in  (a). 


No  record. 


No  record. 


No  record 


No  record. 


No  record. 


Lead  renewed  in  (6)  on 
September  19th  and 
SOtii.  By  September 
21st,  erosion  in  (6),  but 
none  in  (a). 

September  26th.  Very 
great  action  in  (b);  none 
in  (a). 


Lead  renewed  in  (6)  on  I  No  record. 
October  4tb,  6th,  and 
6tb.  By  October  7th. 
erosion  in  (6) ;  none  in 
(a).  By  October  18th. 
veiy  ipeat  action  in  (6) 
none  in  (a). 


Lead  renewed  in  (6)  on 
October  10th,  11th,  and 
12th.  By  October  18th. 
erosion  in  (b) ;  none  in 
(a).  By  October  21st, 
very  great  action  in  (6) ; 
none  in  (a). 


Lead  renewed  in  (6)  on 
October  17th.  Zlst.  By 
October  83rd,  erosion  in 
(6) ;  noue  in  (a) 


No  record. 


No  record. 
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Tablb  XXXIX.— con^tftti^J. 


So, 


Description  of  Bzperiment. 


Remarks. 


Totat 
Lead  Salt 
(uartsper 
100,000). 


November  7th.  18M :—  ' 

(a.)  10  C.C.  Moaslev  water  in  test  tube  with 

bright  sheet  lead  1  x  V'.  i 

(6.)  Same  «b  (a.) 


10 


November  28th.  1894  :— 
(a.)  10  O.C.  Moasley  water  in  test  tube  with 

briRhtsheetleadlxV'. 
(6.)  Same  as  (a). 


XI 


December  5th.  1894:- 
(a.)  10  C.C.  Mossley  water  in  test  tube  with 

bright  sheet  lead  iKi''. 
(b.)  Same  as  (a). 


December  12th.  1894:— 
(a.)  10  c.c.  Mossley  water  in  test  tube  with 

bright  sheet  lead  1  x  V* 
(6.)  Same  as  (a). 


liCad  renewed  in  (b)  on 
November  8th  and  9th. 
By  November  10th, 
erosion  in  (A),  none  ap- 
parent in  (a). 

November  20th.  Very 
great  action  in  (6) ;  none 
apparent  in  (a).  Lead 
removed  and  acid  added, 
and  the  amount  of  lead 
estimated. 


Lead  renewed  in  (6)  on 
November  29th  and  SOth. 
By  December  lst,erosion 
in  (6) :  none  apparent 
in  (a). 

Januai7 12th.  1896.  Very 
great  action  in  (b) ; 
ngne  apparent  in  (a). 
Lead  removed,  acid 
added,  and  amount  of 
lead  estimated. 

Lead  renewed  in  (b)  on 
December  6th,  7th,  and 
8th.  By  December  9th. 
action  in  (b) ;  none  ap' 
pai-ent  in  (a). 

January  14th.  1895.— Yexy 
great  action  in  (6) ;  stiu 
none  apparent  in  (a). 
Lead  removed,  acid 
added,  and  lead  esti- 
mated. 

Lead  renewed  in  (6)  on 
December  13th  and  14th. 
By  December  15th. 
action  in  (b),  none  ap- 
parent in  (a). 

January  Oth,  1895.  Yeiy 
great  action  in  (6) ;  none 
apparent  in  (a).  Lead 
removed  and  acid  added, 
and  lead  estimated. 


(a)e  1-0 
(&)bSO-0 


6B80*a 


6s80'0^ 


6s=O0*O 


These  experiments  were  undertaken  at  a  period  prior  to  the  adoption 
of  the  lime  '^  treatment,'*  which  was  subsequently  put  into  operation. 
Mosslej  water  was  an  example  of  a  slightly  acid  and  plumbo-solvent 
moorland  water.  It  will  be  noted  that  the  water  displayed  little  or 
no  appreciable  erosive  power  in  most  instances ;  but  that  it  was  near 
the  possession  of  this  ability  is  abundantly  shown,  since  a  renewal  of 
the  lead  one,  two,  or  three  times,  sufficed  to  exhaust  the  *^  plumbo- 
protective  "  power  of  the  water,  and  to  induce  vigorous  erosion  to  take 
place.  (Plate  XII.,  Fig.  15,  c,  /,  g,  A,  and  Tlate  VIII.,  Fig.  11, 
c,d.) 

In  the  following  three  tables  (XL.,  XLI.,  and  XLII.)  the  effect, 
as  regards  erosion  of  lead,  of  placing  moorland  waters  under  aerobic 
and  anaerobic  conditions,  of  stx)ring  for  long  periods  in  partially  filled 
and  unstoppered  bottles,  and  of  concentrating  by  boiling,  are  set  forth 
in  detail. 
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Tablk  XL. 


Showing  the  Action,  as  regards  Ebosion  of  Lbad,  of  certain  Acid 
MooBLAND  Waters  upon  Lead — (a)  under  Aerobic  and  (6)  under 
Anaerobic  conditions.     Compare  with  Table  XII. 


No. 


Description  of  th«  Ezperimeni. 


Remarks. 


Total 

Lead  Salt 

(parts  per 

100^). 


I 


AuffasllSth.1894.^ 
I      (a.)  10  CO.  Shipley  water  in  Roux  tube,  with 
I        strip  of  bright  sheet  lead.    Aerobic. 

(&.)  Same  as  (a),  but  the  water  first  ex- 
hausted of  air  juad  then  sealed  in  the  manner 
described  in  Experiment  1  (6).  Table  XII. 
Anaerobic. 


August  22nd,  1804 :~ 
(a.)  20  ex.  Mossley  water  in  Roux  tube,  with 

sti  Ip  of  bright  sheet  lead.    Aerobic. 
(6.)  Same  as  (a),  but  the  water  exhausted  of 

airp  and  then  sealed,  as  in  Exiieriment  1  (A), 

Anaerobic. 


August  22nd,  18M:— 
{a.)  20C.C  Shipley  water  in  Roux  tube  with 

strip  of  bright  sheet  lead.   Aerobic 
ih.)  aame  as  (a),  but  the  water  exhausted  of 

air,  and  then  sealed,  as  in  Experiment  1  (5). 

Anaerobic. 


April  2nd,  1894:— 
(a.)  10  C.C  Shipley  water  in  Roux  tube,  with 

strip  of  bright  sheet  lead.    Aerobic. 
(b.)  Same  as  (a),  but  the  water  exhausted  of 
air,  and  then  sesded,  as  in  Experiment  1  (6). 
Anaerobic 


April  4th,  1884:— 
(a.)  Same  as  (a).  Experiment  4.  but  a  differnnt 

sample  of  ShipleT  water.    Aerobic. 
(6.)  Same  as  lb).  Experiment  4,  but  a  different 
sample  of  Shipley  water.   Anaerobic. 


April  0th,  1884:— 
(a.)  10  e.c  Mositley  water  in  Roux  tube,  with 

strip  of  bright  sheet  lead.    Aerobic. 
(6.)  Same  as  (a),  but  the  water  exhausted  of 

air, and  then  sealed,  as  in  Experiment  1  (A). 

Anaerobic. 


The  lead  remained  quite 
bright  in  (6),  and  there 
was  no  sign  of  erosion. 

lu  (a)  the  lead  became 
coated,  and  erosion 
gradually  took  place 

October  13th,  (a)  and  (6) 
tested. 


By  October  12th,  1984, 
no  erosion  apparent  in 
(a),  (6),  but  the  lead 
was  quite  bright  in  (b) 
and  coated  in  (a). 

(a),  (6)  tested  October 
iSth,  1884. 


but  especially  in    (a), 
No  erosion  visible. 
April  6th,  (a),  (fi)  tested. 


A^ril  6th.  Lead  coated 
in  (a),  and  some  ero- 
sion. Lead  almost  of 
initial  brightness  in  (6), 
and  no  erosion  visible. 

April  6th,  (a),  (6)  tested. 


April  11th.  No  erosion 
visible  in  (a)  or  (b). 
Lead  well  coated  in  (a) . 
In  (6),  lead  almost  of 
initial  brightness. 

April  lltli,  (a),  (6)  tested. 


(«.) 
(*.) 


October  12th.  1894.  No 
erosion  visible  in  (6), 
and  the  lead  was  quite 
bright  Traces  of  action 
apparently  in  (a),  and 
the  lead  well  coated. 

October  12th,  1884,  (a),  (6) 
tested. 


April  6th.    Lend  slightly       (a.) 
dull  in  both  (a)  and  (6).  I 


(a.)      I-O 
(6.)      4-0 


Only 
traces  of 
action  in 
(a),  ib). 


4-0 
S'O 


0-6 


ib.)      0-6 


(a.)      1-0 
(6.)      0*6 


I       Only 

traces  in 
(a)and(A). 
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Table  XLI. 

Showing  the  Effect,  as  regards  Erosion  of  Lbai>,  of  keeping  certain 
Acid  Moorland  Waters  for  Varying  Periods  of  Time  in  Partially 
Filled  and  Unstoppered  Bottles.     (PUte  XVII.) 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^")  completely 
submerged.] 


Description  of  the  Eiperiment. 


Remarks  as  to  Erosion. 


Total 
Lead  Salt 
(parts  per 
100.000). 


Jsanary  10th,  1805.  10  o.o.  of  each  of  the  follow- 
ing waters  were  placed  in  test  tubes  with  lead 
IX*":- 
Shipley  water  of  June  S5th,  18M  (IM  days). 

July  2nd.     ..     (102  days). 

„  ..     ..  NoTember   19th.  18M  (52 

days). 
Ringstone  reserroir  water  of  NoTember  8th. 

ICMCeSdays). 
Black  Pyke  stream  of  October  26th.  1804 

<7«days). 
Ardsley    water    (before    treatment),    of 

November  lith.  1804  (66  days). 
GrainolifEe  stream  of  October  26th,  1804  (76 

days). 
Weeoher  stream  of  October  26th.  1604  (76 

days). 


February  ist.  1886.  Dis- 
tinct action  In  A.  6. 
action  in  0.  slight  action 
in  D.  E.  F.  Teiy  slight 
action  in  G.  H— especi- 
aUJr  the  Utter. 

Iiead  remoTed,  acid  added 
tooontenta  of  tubes,  and 
amount   of   lead   esti- 


Alfl'O 
B  15*0 
C  10*0 
D  6-0 
B  8-0 
P  8*0 
G  4*0 
H  8*0 


Tablb  XLII. 

Showing  the  EfvecT)  as  regards  Erosion  of  Lead,  of  the  Concen- 
tration by  boiling  of  Shipley  Water.  Oompai-e  with  Table 
LXXXVI. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^^0  completely 
submerged.] 


Na 

Description  of  the 
Experiment. 

Reaction 

with 
Lacmoid. 

Acidity 

in  Terms 

of  o.c. 

^NfCO. 

required 
to  neu- 
tralise 

lOOccof 
theWater. 

Remarks  as  to  Erosion. 

Total 

Lead  Salt 

(parts 

10^). 

1 

2 

(a.)  February  5th.  1885.   10 
C.C.  Shipley  water  in  test 
tube  with  lead  IxV'. 

(&.)  Same    as    (a),  but   the 
water  first  concentrated  by 
boiling  to  hall  its  original 
bulk. 

(a.)  February  12th.  1805.    10 
c.o.   Shipley  water  in  test 
tube  with  lead  ixr. 

(b,)  8ameas(&).Ezperimentl 

Acid 

n 

t)*96 
0*00 

0*78 
1*26 

Februai7l2th.l895.  Ero- 
sion of  the  lead  in  (a) 
and   (6).     Action    ap- 
parently greater  in  (6) 
than  (a) .  Xead  removed, 
acid  added,  and  amount 
of  lead  estimated. 

February  21st.  1885.    No 
apparent     erosion     of 
tfie  lead   in   (a),    (b). 
Lead     removed,     acid 
added,  and  amount  of 
lead  estimated. 

(«.)    4*0 
(ft.)    7*5 

(a.)    1*0 
(6.)    5*0 
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Tablb  XLII. — continued. 


Ko. 


Deeeription  of  the 
Bxperimeiit* 


Beaetion 

with 
Lacmoid. 


Acidity 
inTerma 

OtCJO. 

required 

tonea- 

trallM 

100. 00.  of 

theWater. 


Remarke  as  to  Erosion. 


Total 

Lead  Salt 

(parta 

lOO^M). 


t  (a.)  Fatamary  I7th«  180S.  10 
ac  Bhiplay  water  in  teat 
tabewithkadlxV. 
(».)  Bane  aa  (a),  bat  the 
water  flrat  concentrated  by 
boiling  to  half  ita  original 
bnlk. 


(a.)  February  S8th.  18M.  10 
0.C  Shipley  water  in  teat 
with  lead  ixr. 

(ft.)  Same  ai  (a),  but  the 
water  first  concentrated  by 
boiling  to  half  ita  original 
bulk. 


M  ICaroh  7th,  1800.  10  cc 
Shipley  water  in  teat  tube 
.with  lead  IkI' 


(6.)  Same  as  (a),  but  the 
water  first  concentrated  by 
boiling  to  half  its  originid 
bullL 


(a.)  March  18th,  1886.    10  cc. 

Shipley  water  in  test  tube 

with  lead  IX  v. 
(ft.)  Same    as    (a),  but  the 

water  first  concentrated  by 

boiUng  to  half  its  original 

bulk7 


(a.)  ICaich  aoth.  1M6.   10  cc. 

Shipley  water  in  teat  tube 

with  lead  ixi^'. 
(ft.)  Same   as   (a),  but  the 

water  first  concentrated  by 

boiling  to  half  its  original 

bulk. 


(a.)  March  leth,  1806.   lOce. 

Shipley  water  in  test  tube 

withlttdlKi''. 
(ft.)  Same   as    (a),  but   the 

water  first  concentrated  by 

boiling  to  half  its  original 


10 


(<0  April  4th,  1806.  10  cc 
Shipley  water  in  test  tube 
wHhleadlxV'. 

(ft.)  Same  as  (a),  but  the 
water  first  concentrated  by 
boiling  to  half  its  original 
bulk. 


(oO  Anril  10th,  1806.  10  cc 
Shipley  water  in  test  tube 
with  lead  IX  v. 

(ft.)  Same  as  (a),  but  the 
water  first  concentrated  by 
boiling  to  half  ita  original 
bulkT 


0*64 
0*7S 

0-96 

1-74 

0*84 
l'e8 

0'90 
1'44 

0*90 
1*44 

0*84 

1*44 

0*00 
1'68 

0*84 
1*68 


February  87th,  1896.  Bro- 
sion  of  lead  hardly 
noticeable,  but  appa- 
rently a  greater  actum 
in  (ft)  than  (a).  Lead 
removed,  acid  added, 
and  amount  of  lead 
estimated. 


March  7th.  1896.  Oon- 
siderable  amount  of 
sediment ;  erosion  of  lead 
indistjnot.  Lead  re- 
moved, aoid  added,  and 
amount  of  lead  estimated. 


March  18th,  1896.  Bro- 
sion  of  lead  in  (a)  and 
(ft),  but  apparantly 
sreater  in  (ft)  than  {a). 
Lead  removed,  acid 
added,  and  amount  of 
lead  estimated. 


March  lOth,  1886.  (Con- 
siderable amount  of 
sediment  in  {a)  and  (ft), 
but  particularly  in  the 
latter.  Erosion  india- 
tinct.  Lead  removed, 
add  added,  and  amount 
of  lead  estimated. 


March  tSth.  1896.  Bro* 
sion  in  (a)  and  (ft). 
Lead  removed,  acid 
added,  and  amount  of 
leadeetimated. 


April  2nd,  1896.  Erosion 
m  {a)  and  (ft).  Lead 
removed,  acid  addecL 
and  amount  of  lead 
estimated. 


April  lOth.  1896.     Slifcht 
erosion  in  (a)  and  (ft), 
removed,     acid 


added,  and  amount  of 
lead  estimated. 


April  leth,  1886.  Slixht 
erosion  in  (a)  and  (ft). 
Lead  removed,  acid 
added,  and  amount  of 
lead  estimated. 


(a.)    10 
(ft.)    4*0 


(a.) 

60 

(ft.)  10*0 

(a.) 

7*0 

(ft.)  16*0 

(a.)  100 

(6.) 

7-6 

(«.)  7-5 

(ft.)  7*6 

(a.)  5-0 

(ft.)  7-6 

(a.)  7*0 

(ft.)  7*6 

(a.)  7*0 

(6.)  7*6 
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Tablb  JLLIJ. —contituied. 


Acidity 

in  Terms 

ofcc. 

Total 

No. 

Dowriptiou  or  th« 
Experiment. 

Reaction 

with 
Lacmoid. 

^Na.(X), 

required 
to  neu- 
tralise 
100  c.c  of 
theWater. 

Bemarks  as  to  Erosion. 

Lead  Salt 
(parte 

10^). 

11 

(a,)  April  17tli,  189S.    19  cm. 
Shipky  water  in  test  tube 
with  lead  IX  v. 

Acid 

0-72 

April   22nd.  1805.    Slight 
erosion  in  (a)  and  (6). 

(a.)    7'f 

(6.)  8«ne   as    (a),  but   the 

^ 

I'M 

added,  and  amount  of 

(6.)    6*0 

water  first  oonoentrated  by 

lead  estimated. 

boiling  to  half  ito  original 
bulk. 

IS 

(a.)  April  t4th,  1885.    10  e.o. 
Shipley  water  in  test  tabe 
with  lead  IX  v. 

0-78 

May  1st.  1885.    Erosion  in 

(a.)  10  0 

(a)  and  (6).  but  greater 

in  (a)  than  (6).    Lead 

(6.)  Same    as    (a),  but    the 

^, 

1*44 

removed,    acid    added. 

(6.)    6-0 

water  first  concentrated  by 
boiling  to  half  ito  original 
bulk. 

and    amount   of     lead 

estimsted. 

IS 

(a.)  May  Ist,  18»5.     10  c.c. 
Shipley  water  in  test  tube 
with  lead  IX  J". 

0-96 

May  8th.  1896.    Erosion  in 

(a.)  lO'O 

(a)  and  (6).  but  greater 

in  (a)  than  (6).    Lead 

(6.)  Same    as    (a),  but  the 

^ 

1-92 

removed,    acid    added, 
and     amount    of   lead 

(ft.)    7-0 

water  first  concentrated  by 

boiling  to  half  its  original 
bulkT 

estimated. 

14 

(a.)  May  9th.   1885.    10  c.c. 
Shipley  water  in  test  tube 
with  lead  ixr. 

" 

0-78 

May  15th.  1895.    Erosion 
in    (a)    and    (b),    but 
grvater  in  (a)  than  (6). 

(a.)    7-0 

(6.)  Same   as    (a),  but  the 

^ 

l-6« 

(6.)    6-9 

water  first  concentrated  by 

added,  and  amount  of 

boiling  to  haU  ito  original 
bulk. 

lead  estimated. 

16 

(aO  May  16th,  1895.    10  c.c. 
Shipley  water  in  test  tube 
with  lead  IX  v. 

i* 

0-78 

May  21st,  1895.    Erosion 

(«.)    60 

in  (a)  and  (6).     Lead 

removed,    acid    added. 

(6.)  Same    as    (a),  but  the 

J, 

1-66 

and    amount    of    lead 

(6.)    7Q 

estimated. 

boiling  to  half  ito  original 

bulk. 

As  regards  Table  XL.,  the  particular  samples  of  moorland  water  used 
in  the  experiments  were  unfortunately  not  conspicuous  by  reason  of 
erosive  ability ;  and  therefore  the  diffcrenceB  between  the  two  sets  of 
conditions  were  not  shown  as  clearly  as  might  otherwise  have  been 
the  case.  On  the  whole,  however,  the  anaerobic  conditions  seemed  to 
some  extent  to  restrain  erosion. 

Table  XLI.  indicates  that  the  prolonged  storage  of  acid  moorland 
waters  does  not  deprive  them  of  erosive  power  (Plate  XVII.,  Fig.  20). 

Table  XLII.  shows  that  concentration,  by  boiling  to  half  its 
original  bulk,  of  such  an  acid  moorland  water  as  Shipley  water,  does 
not  remove  its  erosive  power.  Sometimes  the  action  was  increased, 
sometimes  diminished,  but  never  destroyed.  Incidentally,  it  may  be 
noted  that  the  acidity  was  increased  by  boiling  to  an  extent  usually 
nearly  corresponding  to  the  degree  of  concentration. 

The  following  table  (Table  XLIIf.)  shows  the  effect,  as  regards 
erosion  of  lead,  of  Shipley  water  upon  lead  which  had  previously  been 
submitted  to  the  action  of  a  hard  limestone  water. 
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Tablb  XLIII. 

Showing  the  Effect,  aa  regards  Erosion  of  Lead,  of  Shiplbt  Water 
upon  Lead  which  had  previously  been  Submitted  to  the  Action 
of  a  Hard  Limestone  Water. 

[The  coating  was  obtained  bj  leaving  bright  sheet  lead  in  contact  with 
Settle  water — ^a  hard  limestone  water— oyernight ;  and  then  washing 
with  distilled  water  and  allowing  to  dry.] 


No. 

Detcription  of  Experiment. 

Remarks. 

Total 
Lead  Salt 

^?CoT 

1 
f 
S 

jAni]ftr7a0tli,1896r- 
(a.)  10  C.C  Shipley  water  In  test  tube  with 

bri^tleiidlxV'. 
(6.)  10  C.C.  of  nme  water,  in  test  tube  with 

ooatedleadlKr. 

Febmai7Sth,18a5:— 
(a.)  10  C.C.  Shipley  water  in  test  tube  with 

bright  lead  IxV. 
(6 )  10  O.C.  of  tame  water,  in  test  tube  with 

eoatedleadlxi". 

FebraazylSth^iaoS:- 
(a.)  10  ex.  Shipley  water  in  test  tube  with 

bright  lead  ix  v. 
(6.)  10  e.c.  of  same  water,  in  test  tube  with 

coated  lead  IX  v. 

February  4th,  1805.    Lead 
removed       and      aoid 
added. 

February      12th,      1805. 
added. 

February      20th,       1806. 
Lead  removed  and  acid 
added. 

(a.)  7-6 
(6.)  5-0 

(a.)  4-0 
(6.)  5-0 

(a.)  10 
(6.)  3-0 

The  results  seem  to  show  that,  although  a  neutral  water  cannot  erode 
"  coated  "  lead,  the  case  is  different  with  an  acid  water.  Probably  the 
acid  acted  on  the  coat  in  such  a  manner  as  to  lessen  its  protective 
character,  and  so  allowed  erosion  to  take  place. 

The  following  tables  (XLIV.,  XLV.,  XLVL,  XLVIL,  XLVIIL) 
show  the  effect,  as  regards  erosion  of  lead;  of  the  addition  of  measured 
quantities  of  alkaline  substancea  to  moorland  waters. 


Table  XLIV. 

Showing  the  Effect,  as  regard  Erosion  of  Lead,  of  the  addition  to 
Shiplbt  "VVatkr  of  Measured  Quantities  of  Sodium  Carbonate 
(NaaCO,). 


Nai 


Description  of  Experiment. 


Remarks. 


Total 
Lead  Salt 
(parts  per 
100,000). 


September  10th.  1894  :— 
(a.)  10  C.C.  Shipley  water  in  test  tube  with 

leadlx4\ 
(6.)  Same  as  (a),  but  water  neutralised  with 

Na«COs. 


Seotember  17th.  1804:— 
(a.)  10  c.e.  Shipley  water  in  test  tube  with 

leadlxi^ 
(6.)  Same  aa  (a),  but  water  neutralised  with 
NaaCOg. 


Lead  renewed  in  (6)  on 
September  11th,  18th. 
14£h,  leth,  iTth.  18th. 
21st.  and  24th. 

September  28th.  Distinct 
action  in  (a) ;  almost  no 
action,  however,  in  (6). 


Lead  renewed  in  (6)  on 

September    19th,    20th, 

21st,  and  24th. 
September  28th.  Distinct 

action  in  (a) :  no  action 

in  (6). 
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Table  XLIV. '^continued. 


No. 


Defcriptlon  of  Bxperiment. 


Bemirki. 


Total 
Leftdflalfe 
(parts  per 
100.000.) 


October  2nd.  1804:— 
(a.)  10  e.e.  Shipley  water  in  teittabe  with 

leadlxfJ. 
(b.)  Same  ai  (a),  but  water  neatraliied  with 

Na.0O|. 
(0.)  Same  ai  (a),  but  water  I  neutraliaed 

with  NawCOa. 
id.)  Same  ai   (a),  but  water  k  neatralieed 

withNnOO^ 
(s.)  Same  aa  (a),  but  water  ^  neutralised 

with  NaaCOj. 
(/.)  Same  ae  (a),  but  water  tH  neutralised 

with  NaiCOs. 

October  8th.  18M:— 
(a.)  10  ox.  Shipley  water  in  test  tube  with 

lead  1x4''. 
(6.)  Same  aa  (a).' but  water  neutraliaed  with 

Na|CO«. 
(c.)  Same  as  (a),  but  water  k  neutralised  with 

Na.CO.. 

id.)  Same  as  (a), 
e.)  Same  aa  (6). 
/.)  Same  as  (c). 


October  aoth,  1884:— 

( (a.)  10  c.c.  Shipley  water  in  test  tube  with 

•I  leadlxi''. 

(  (&.)  Same  as  (a),  but  water  neutraliaed  with 

NatCOp. 
((c.)  Same  as  (a),  but  water  i  neutralised  with 
\  Na|CO>. 

K{d.)  Same  as  (a),  but  water  \  neutraliaed  with 

NatOOi. 


NoTember  87th,  1804:- 

{(a.)  10  ex.  Shipley  water  in  teat  tube  with 
leadlxK 
(6.)  Same  as  (a). 
( (tf.)  Same  as  (a),  but  water  neutralised  with 
NaaOOi. 


\.{d.)  Same  as  (c). 
f\:)  Same  as  <a).* 


,  but  twice  as  much  NstCOi 

to  water  as  was  necessaiy  to 

I  neutralise. 

L(/.)  Same  as  («). 


December  4th.  1804  :— 

({a.)  10  CO.  Shipley  water  in  test  tube  with 
*  leadlx*''. 


Lf6.)  Same  as  (a). 


Same  as  (a),  but  water  neutralised  with 
Na«0O,. 
lid,)  Same  as  (0), 

^  (s.)  Same  as  (a),  but  twice  as  much  NaiCOi 
\  added  to  water  as  was  necessaiy  to 

I  neutralise. 

c(/.)  HamoBS  (0). 


By  October  15th 
distinct  action  in 
none  in  {b)  \  yery  •l^ 
in  (c) ;  sliffhtly  more  in 
(d)  than  Je) ;  and  venr 
distinct  in  («)  and  (/). 


October  8th.  No  action 
(«)•  Lb),  (e),  (d),  (•). 
if).  Lead  renewed  in 

Octobe/lOthiSlJ 


llightaetlon 

(•).  W.  (/).  Lead  re. 
newed  in  (s).  (/). 
October  nth.   Action  (a). 
]f)  i  no  action  in 
Lead  re> 


newed  m  («). 


Lead  renewed  in  (s) 
October  IBth  and  18th. 

October  Slat  Action  (a), 
(d).  but  greater  in  (d) 
than  (a) ;  no  action  (A), 
(0)i(e)«but  action  in  (/). 

November  6th.  Distinct 
action  (a)  and  (d).  but 
especially  the  latter; 
no  action  Tisiblein  (c). 
(6). 

November  8th.  Same 
appearances  as  observed 
on  November  6th.  Lead 
removed  from  tubes, 
acid  added,  and  lead 
estimated. 

November  28th.  Lead  re- 
newed in  (ft)  id)  (/). 

November  SOth.  Slight 
action  in  (a)  ;great  action 
in  (6):  no  action  (c),(d). 
(0),(/).  Lead  renewed 
in  (df),  (/). 

Lead  renewed  in  (d).  (/). 
December  Ist.  2nd.  4th. 
and  8th. 

Januaiy  6th.  1896.  Action 
in  (a),  and  very  great 
action  in  (6) .  No  action 
vi8iblein(e)(d)  («)(/). 
Lead  removed  from 
tubes,  acid  added,  and 
lead  estimated. 

December  6th.  Lead  re- 
newed in  (ft)  (d)(/). 

December  6ih.  Action 
commenced  in  (ft),  but 
not  in  other  tubes. 

Lead  renewed  in  (d),  (/) 
December  6th.  7th.  8th. 
9th.  10th.lltb.  12th.  and 
ISth. 

January  14th  1895.  Slight 
action  in  (a);  very  groat 
action  in  (ft) .  No  action 
viaibloin(c).(d).(«).(/). 
Lead  removed  from 
tubes,  acid  added,  and 
lead  estimated. 


,  «=10-0 
ft  =  0*5 
>)=  1-0 
d)»46'0 


f(a.)=16*0 


Trace. 
d.)=l-( 

Trace. 

U/D^ro 


xr' 


I(ft.)= 


i(«.) 


«  80 


60-0 
0-5 


)  = 


0-5 
0-5 


'(/1)«  0-5 
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Tablb  XLIV,— con^tnt^J. 


No. 


Description  of  Experiment. 


Remark  H. 


Total 
Lead  Salt 


100, 


taper 
,000). 


10 


11 


December  nth,  18M:— 


teal  tube  with 


a.)  10  0,0.  Shipley  water  in 

leadlxK 
(b.)  Same  as  la). 
ie.)  Same  as  (a),  but  water  neutralised  with 

NsdCO,. 
id.)  Same  as  (c). 


9  .  January  16th,  1895.— 

;  ({a.)  10 CO.  Shipley  water  in  test  tube  with 
I  i  leadlxK 

1(6.)  6  ex.  Shipley  +  5  c.o.   XXX   distilled 

water. 
r  ic.)  Same  as  (a),  but  water  neutralised  with 

NatCO.. 
lid.)  Same  as  (6),  but  water  neutralised  with 
NatCO.. 


January  S2nd.  1895  :— 

{(a.)  10  OX.  Shipley  water  in  test  tube  with 
leadlxl'^. 
ib.)  6  CO.  Shipley  water + S  o.c.  XXX  distilled 

{(e.)  Same  as  {a),  but  water  neutralised  with 
NaiCOs. 
id,)  Same  as  (A),  but  water  neutralised  with 
Na^OOs. 
( ie.)  Same  as  (a),  but  twice  as  much  NaiOOs 
j  added  to  water  as  was  necessaiy  to 

;  neutralise. 

\^(/.)  Same  as  ib),  but  twice  as  much  NasCOi 
added  to  water  as  was  necessary  to 
neutralise. 
C  ig.)  Same  as  ie),  but  water  i  neutralised  with 
i  Na,CO|. 

C ih.)  Same  as  (d).  but  water  k  neutralised  with 
Na»COa. 


March  27th,  1895:— 
(a.)  lOco.  St^ley  water  in  test  tube  with 


[a),  but  water  k*  neutralised 


leadlx 
(b.)  Same  as 
withNf 


12'  April  4th,  1895:— 

(a.)  10  CO.  Shipley  water  in  test  tube  with 

leadlxK 
(6.)  Same  as  (a),  but  water  I*  neutralised 

with  NaiCO,. 
ie.)  Same  as  ib),  but  water  i*  neutralised 

withNatCOs. 


13 


April  10th.  1895:— 
'    "  '-^cc  "^'-^ 

lead  J.  z^^. 
ib.)  Same  as  (q).  but  water*  neutralised  | 

with  NiioO,. 


Lpni  ivm,  levo  :— 
(a.)  10  cc  Shipley  water  in  test  tube  with 
^--ilxf'. 


December  12th.  Lead  re- 
newed in  ib)  id), 

December  18th.  Lead  re- 
newed in  (6)  id). 

December  14th.  Action 
distinct  in  ib). 

Lead  renewed  in  id)  De- 
cember 14th  and  16th. 

January  10th  1895.  Slight 
action  in  (a);  great  ac- 
tion in  ib).  No  action 
Tisible  in  (0)  (d).  Lead 
removed  from  tubea 
acid  added,  and  lead 
estimated. 


January  19th.  Slight  ac- 
tion in  (a)  (d).  Distinct 
action  in  (6).  No  ac- 
tion in  ie).  Lead  re- 
moved, acid  added,  and 
lead  estimated. 


January  26th. 
action  in(a);v( 
action  in  ig); 
action  in  ie),  (< 
great  action 
M);andnoacti< 
(d).  Leadremo 
added,  and  Ie 
mated. 


ict 
ht 
no 


April  2nd.  Slight  action 
in  (a)  and  lb).  Lead 
removed,  acid  added, 
and  lead  estimated. 


April  10th.  Action  in  (a), 
ib],ic).  Lead  removed, 
acid  added,  and  lead 
estimated. 


April  16th,  1895.  Action 
m  (a),  ib),  but  greatest 
in  (b).  Load  removed, 
aoid  added,  and  lead 
estimated. 


I  (o.)«  6-0 

(6.)=120 
(c.)=!  0*6 

(d.)-  0'5 


(a.)=:  6-0 
(6.)  =10-0 
(c.)=  0-6 
(d.)=  60 


(a.)«l6'0 
(6.)  =80-0 
(<T.)=  0-6 
(d.)=  0*5 
,(*.)=   0*6 

(/.)««-6 

(^.)=  10 
(M"40'0 


(a.)B  5-0 
(6.)«  4-0 


(a.)»  7-5 
(6.)=  7-5 
(c.)«  7-6 


(a.)o  7-i 
(6.)b10'0 


*  Heth/l-orange  here  used  as  indicator :  in  all  the  other  experiments  phenol-phthaleiQ 
nless  otnerwise  stated,  was  used  as  indicator. 


unless 
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Tablb  XhW. ^continued. 

Total 

No. 

Deseription  of  Bxporiment.     . 

Remarks. 

Lead  Salt 

14 

April  17th,  1880:— 

(a.)  10  ex.  Shipley  water  in  teet  tube  with 
leAdlxV% 

April  17th.  1896.    Action 
in  (ah  (ft),  (c),    Lrad 

(a.)-  7-f 

(ft.)  Same  »•  (ohbut  water  »•  neutraliied 

(c.)  Same  aa^firTEmt  water  i»  neutralised 
with  Na^OQi. 

removed,   add    addml. 
and  lead  estimated. 

(ft.)-  6-0 

(«.)-  ••• 

15  :  April  £4th,l»5^- 

(a.)  10  0.0.  Shipley  water  in  test  tube  with 
loadlxV'.                                     ,.    ^ 

May  Ist.  1886.    Marked 
action  in  (a),  but  in  (ft) 
action  still  more  marked. 
Lead     removed,    acid 

(a.)  =  10-0 

(ft.)  Same  as  (a),  but  water  i»  neutralised 
withNagCiOt. 

(ft.)  =56-0 

added,  and   lead  esti- 

mated. 

18     May  Ut,  1896:- 

(a.)  10  C.C.  Shiplej  water  in  test  tube  with 

May  8th.  1895.   Action  In 
ih)  and  (ft).    Lead  rt- 

(«.)-io-o 

(6.)  Same  as  (a),  but  wmter  i*  neutralised 
with  NaSidO,. 

moved,  acid  added,  and 
lead  estimated. 

(ft.)-  ••• 

17 

May  8th.  1886:- 

(a.)  10  ox.  Shipley  water  in  test  tube  with 
leadlxi''. 

May  15th.  1886.     Action 
(a),  (ft),  (e).   Lead  re- 
moved, acid  added,  and 

(«.)-10'0 

(ft.)  Same  as  (a)   but  water  «•  neutralised 

withNs^f 
(0.)  Sune  asTo).  Dut  water  i*  neutralised 

with  Na;cfO,. 

(ft.)=  6-0 

(e.)-  7-f 

*  Methyl-orange  here  used  as  indicator:  in  all  the  other  ezpcrimmts  phenol-phthalein. 
unless  otherwise  stated,  was  used  as  indicator. 

The  table  clearlj  shows  the  highly  beneficial  effect,  as  regards  inhibi- 
tion of  erosion,  of  neutralising  Shipley  water  with  sodium  carbonate. 
The  results  also  indicate  that  partial  neutralisation  is  not  only  unlikely 
to  prevent  erosion  fVom  taking  place,  but  actually,  in  some  cases,  if 
the  sodium  carbonate  be  added  in  very  small  amount,  increases  the 
action. 

On  the  other  hand,  the  addition  of  excess  of  sodium  carbonntc,  or 
even  the  quantity  necessary  exactly  to  neutralise,  sufficed  not  only  to 
prevent  erosion  from  taking  place,  but  also  to  place  the  water  in  a 
position  remote  from  the  possession  of  erosive  ability ;  this  is  to  be 
deduced  from  the  ffulure  to  induce  erosion  after  repeated  renewal  of 
the  lead. 
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Tablb  XLY. 

Showing  the  Effect,  as  regards  Erosiok  of  Lead,  of  the  Addition 
to  certain  WATslts  (for  the  most  part  Acid  Moobland  Waters) 
^  Measured  Quantities  of  Sodium  Carbonate  (NajCO)). 
Compare  with  Table  XLIV. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^")  completely 

submerged.] 


No. '      Deteription  of  the  Experiment. 


BemarkB. 


Tot*] 
Salt 
(parte  per 
100,000). 


,.  .jberllth.l8M!- 

o.)  10e.e.  Moedey  water  in  t 

tube  with  lead  IX  v. 
(b,)  Sameaa  (a), 
(e.)  Same  as  (a),  but  water  i 

tra»fledwithN%OOs. 


ibermh,l$94:— 
.)  IQ    ex,     Wakefleld     water 
before  "  treatment "  in  teet  tube 
with  lead  Ix  v. 
(6.)  Same  es  (a),  bat  water  neo- 
tnliaedwithNaiCOs. 

September  18th,  ISM  :— 
la,)  10  C.C.  Moteley  water  in  test 
tnbe  with  lead  Ixr. 


(b,)  Same  as  (a) 


„,  Same  ss  (a),  but  water  neu- 
tralised with  NaiCOs. 


October  tod.  18M:— 
(a.)  10  C.C  Mossley  water  in  test 
tabewithlMMUxi". 


(b,)  Same  as  (a). 


y,^  Same  as  (a),  but  water  neu- 
tralised with  Na«CO^ 

(d.)  Same  ss  (a),  but  water  i  neu- 
tralised with  Na/XH. 

(a.)  Same  as  (a),  but  water  ^ 
neutralised  with  Na^OQi. 

(/.)  Same  as  (a),  but  water  xh 
neutralised  with  Na/X>t. 


October  2Srd.lS94:— 

(a.)  10  C.C.  Mossley  water  in  test 
tube  with  lead  Ix  v. 

(d.)  Same  as  (a),  but  water  neu- 
tralised with  NagCO.. 


Noirember  16th,  18M  :— 
(a.)  10    CO.    Wakefleld 
before  '  treatment "  in  te 
with  lead  lxi». 


water 
It  tube 


(ft.)  Same  as  (a). 


...  Same  as  (a),  but  water  neu* 
tralised  wHh  Na«COk. 
(d.)  Same  as  (a),  but  water  i  nea* 
trdieedwithNatOOfe. 

Norembsr  t4ih,  1891  :— 
(a.)  10  e.c.  Dunford    Eeeerroir 

water  in  teet  tube  with  lead 

IxV'. 
(b,)  SamessCa). 
(e.)  Same  m  (a),  but  water  neu- 


(A) 


tralisHl  with  NayCOk- 
I,)  Same  m  (a),  but  ^ 


tralised  with  NaiCO.. 


water  neu- 


September  Itth.  No  aetkm  (a).  (6). 
(c).  Lead  renewed  in  (6).  \e), 
September  14th.  Action  now 
distinct  in  (A) .  Lead  renewed  in 
(e)  September  16th.  17th.  18th. 
Slst»and  S4th.as  no  action.  By 
September  Mth  still  no  action  in 
(a) .  so  lead  renewed.  September 
88th.  Distinct  sotion  in  (a).  (6), 
but  little  or  no  action  in  (c) . 


September  18th.  Distinct  action  in 
(a) ;  none  in  (6).  Lead  renewed 
in  {b)  September  19th.  80th, 
Slst,and84tli.  October  1st.  StUf 
no  action  visible  in  (6) . 


September  10th.  No  action  (a), 
Wf  («)•  ^'Md  renewed  in  (A). 
le)  September  19th  and  20th. 
September  81st.  Still  no  action 
in  (a).  Action,  however,  com- 
mencing in  (6),  (0).  September 
88th7BtiU  no  action  in  (a),  but 
action  distinct  in  (&),  (0).  es- 
pecially in  (6). 

October  4th.  1894.  No  action  in  any 
of  the  tubee.  Lead  renewed  in 
all  except  (a).  October  6th.  StiU 
no  action ;  so  lead  renewed  in  ail 
but  (a).  October  6tb.  Still  no 
action,  so  lead  renewed  in  all  but 
(a).  October  Tth.  Still  noaction 
in  (e).  Action,  however,  in  all 
the  other  tubes.  October  I6th. 
Still  no  action  in  (a),  distinct 
action  in  (6),  action  in  (/),  less 
in  |s).  still  lees  in  (dj.and  least 

October  87th.  No  action  visible  in 
(a),  (6).  Lead  removed,  acid 
added  to  contente  of  tubes^  and 
lead  estimated. 


At  first  no  action  in  any  of  the 
tubes,  but  gradually  distinct 
action  devebped  in  (a),  (6). 
December  lltn.  Lead  removed, 
acid  added  to  contente  of  tubes, 
and  amount  of  lead  estimated. 


November  88th. 
of  the  tubes,  so  (b),  (d )  ren( 


No  action  in  any 

1),  (d)  renewed 

December  8th.     Still  no 


action  visible  in  (a),  (0),  but  very 
great  action  in  (6).  and  slight 
action  in  (d ) .  January  7th,  iSw. 
Remarkably  neat  action  in  (&). 
Lead  removed,  add  added,  and 
amount  of  lead  eetlmated. 


(a.)«l-5 
(6.)«Mrace. 


(a.)si6*0 
(4.)=l7i 
(c.)«  0-6 
id,)m  1*0 


>.)■  8-8 
6.)«100«0 
c.)»  1-0 
\d.)m  lO-O 
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Table  XLV. — continued. 


No. 


Description  of  the  Experiment. 


Remarks. 


Total 
Lead  Salt 
(parts  per 
lOO^OOO). 


11 


12 


18 


November  28th,  18M  :- 

(a.)  10  CO.  Mossley  water  in  test 
tube  with  lead  ixi". 

(6.)  Same  as  (a). 

(e.)  Same  as  (a),  but  water  neu- 
tralifled  with  Na.(X),. 

(d.)  Same  as  (a),  but  water  neu- 
tralised with  NaiCO,. 

(«.)  Same  as  (a),  but  twice  as 
much  NatOOg  added  to  water  as 
was  necessary  to  neutralise. 

(/.)  Same  as  (0). 

December  6th,  1894  :— 

(a.)  10  cc  Moflsley  water  in  test 
tube  with  lead  ix  I". 

(6.)  Same  as  (a). 

(c.)  Same  as  la.),  but  water  neu- 
tralised with  NaiCOs. 

[d.)  Same  as  (a),  but  water  neu- 
tralised with  NatCOs. 

(«.)  Same  as  (a),  but  twice  as 
much  NaaCOs  added  to  water  as 
was  necessary  to  neutralise. 

(/.)  Same  as  (0). 


December  12th,  18M  :— 

(a.)  10  CO.  Mossley  water  in  test 
tube  with  lead  IxV'. 

(b.)  Same  88  (a). 

(c.)  Same  as  (a),  but  water  neu- 
tralised with  NxuCOt. 

(d.)  Same  as  (a),  but  water  neu- 
tralised with  NaiCOs. 

(0.)  Same  as  (a),  but  twice  as 
much  NaiCOi  added  to  water  as 
was  necessary  to  neutralise. 

(/.)  Same  as  (0). 

January  22nd,  1895  :— 

(a.)  10  CO.  Mossley  water  in  test 
tubewithleadlxV. 

(&0  Same  as  (a),  but  5  cc 
Mossley  water  mixed  with  6  0.0. 
XXX  distilled  water. 

(c.)  Same  as  (a),  but  water  neu- 
tralised with  Na,CO|. 

(d.)  Same  as  (c) .out  6  cm. neu- 
tralised Mossley  water  mixed 
with  5  cc  XXX  distilled 
wat<?r. 


January  81st»  1806  ^- 
(a.)  10  cc.  MossIot  water  in  teat 

tube  with  lead  IxV'. 
{b^  6  cc  Mossley  water  -fdcc. 

XXX  distilled  water, 
(c)  iSame  as  (a),  but  1  per  cent. 

-^  NStCOs  added  to  the  water 

{i.e.»  rather  more  than  was 
necessaiT  exactly  to  neutralise 
theaddftv). 


January  81st»  1895  :— 
{a^  10  CO.  Higher    Swineshaw 

Boserrolr  water  in  test  tube 

with  lead  IX  v. 
(6.)  Same  as  (a),  but  water  nea* 

toalised  with  NaflCO>. 


(c.)  Same  as  (6), 
macji  Na«GOs  added 


twice  as 
to   the 
water  as  was  necesf  aiy  to  nea* 
tralise. 


November  29th  and  80th.  Lead 
renewed  in  (6).  (d).  (/).  De- 
cember  1st.  No  action  in  (a), 
ie),  («),  (/).  Action  in  (ft),  Id). 
Lead  renewed  in  (/)  December 
1st,  2nd,  8rd,  4th.  7tb,  8th,  0th. 
10th,  nth,  12th.  18tb,  14th.  and 
16th.  Januai-y  12th.  1895.  Still  no 
action  apparent  in  (/).  Action 
in  (A),  (ajdistinot. 


December  6th  and  7th.  Lead  re- 
newed in  (ft),(d),  (/).  December 
8th.  Action  now  in  (d),  but  none 
in  (ft),  (/),  so  lead  renewed  in 
(&),(/).  December  9th.  Action 
now  in  (ft),  but  still  no  action  in 
(/),  so  lead  renewed  in  (/). 
December  10th  and  11th.  lead 
again  renewed  in  (/).  January 
14th,  1895.    No  action  visible  in 

!«)f  («)»  (a)>  Distinct  action  in 
6).  (d).  Very  slight  action  in 
/) .    Amount  of  lead  estimated. 


December  18th.  Lead  renewed  in 
(ft),  id),  if),  December  14th. 
Lead  renewed  in  (a),  (ft),  {c)Ad), 
(«),  (/).  December  16th.  Lead 
renewed  hn  (/).  January  9th. 
1896.  Slight  action  in  (a).  QwtA 
action  in  (ft),  slight  in  (<f),  and 
little  or  no  action  visible  in  (c), 
(«).  (/). 


January  26th.  1896.  Only  traces  of 
action  visible.  Lead  removed, 
acid  added  to  contents  of  tube, 
and  amount  of  lead  estimated. 


February  4th,  1896.  No  apparent 
action  (a),  (ft),  (0).  Lead  re- 
moved, acid  added  to  contents  of 
tubeSi  and  amount  of  lead  esti- 
mated. 


Pebmary  7th,  1895.  Distinct  action 
in  (a).  No  action  apparently  In 
(ft),  (e).  Lead  removed,  acid 
added  to  contents  of  tubes,  and 
amount  of  load  estimated. 


a.)=  0-6 
•|.)«80-0 
,  .)-  0-6 
d.)=80-0 
#.)=  0-5 
/.)=0-6 


2*0 
60-0 
Trace, 
d.)    6'0 
0.)  Trace 
(/.)    0-6 


,   ^  Trace. 

c.)  f  trace. 
d.)  Trace. 


ft.(=l-( 
W-OM 


a.lKlO-O 
ft.)«  0-5 
c.)=  0-6 
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Tablb   XLV. — continued. 


No.       Dwcriptioa  of  the  Experiment. 


BemArks. 


Total 
LoAdSalt 


14 


15 


May  irth.  1890.— 

(a.)  10  CO.  Watenheddals  Be- 
tervDir  water  (after  pasBiog 
tinwish  filter  beds)  in  teat  tube 
with  lead  IxV.  Thewaterwas 
nentral. 

(b.)  Saineaa(a). 

(e.)  Same  aa  (a),  batO'Sper  cent. 

^  Na«CQi  added  to  the  water. 
id.)  Sameaa  («). 

]Cajl8th.l89S:~ 

(a.)  10  CO.  WateraheddelB  Be- 
aerroir  water  (after  paaaing 
through  filter  beda)  in  teat  tabe 
with  lead  IX  I''.  The  water  waa 
neutral. 

(b.)  Sameaa  (a). 

(c.)  Sameaa  (a),  but  0*3  per  cent. 

^  NaaCOs  added  to  the  water. 
id.)  Sameaa  (c). 


Hay  18th.  Lead  renewed  in  (6). 
May  19th.  Sii^ht  aotion  now  in 
(6).  Lead  renewed  in  (d).  Lead 
renewed  in  (d)  May  aoth  and  Slat. 
May  23rd.  No  action  viaible  in 
(a),  (c),  (rf),  action,  however, 
distinct  in  (b).  Amount  of  lead 
estimated. 


May  29th.  Lead  renewed  in  (b), 
id).  May  90th,  slight  action  in 
(6),  none  in  (d).  Lead  renewed 
in  {d)  May  80th  and  Slst.  June 
Sth.  No  action  yisible  in  (a),  little 
or  no  action  in  {e),  very  slight 
action  in  (d),  very  great  action  hi 
(b).  Lead  removed,  acid  added  to 
contents  of  tube,  and  amount  of 
lead  estimated. 


(a.)s  0*6 
lb.)  ^U'O 
(c.)«Trao 
(<!.)=  0-5 


Trace. 

0-5 


a.)  a  0-5 
6.)  =20*0 
c.)  -Trace. 
d.)=  1-6 


This  table  also  emphasises  the  beneficial  action  of  sodium  carbonate 
as  an  inhibitor  of  the  erosive  power  of  various  moorland  waters.  It 
also  shows  (see  Experiments  14  and  15)  that  the  addition  of  a  small 
amount  of  sodium  carbonate  to  a  moorland  water,  which  by  ''  filtration 
treatment  *'  has  been  transformed  from  an  acid  erosive  water  into  a  neutral 
non-erosive  water,  places  it  in  a  position  remote  from  the  possession  of 
erosive  ability. 

Table  XLVI. 
Showing  the  Effect,  as  regards  Ebosion  of  Lead,  of  Treating  an 
Acid  Moorland  Water  (Ringstone  Reservoir)  with  Varying 

QUANTFTIES  of  SoDIUM  CaRBONATE  Na2C03. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'')  completely 
submerged.] 


Siperi- 


Deacription  of  the  Bzperiment. 


Remarks. 


(ft.) 
<d.) 

(9) 

U) 


October  4th,  ISM.  10  c.c.  Ringstone  Reeer- 
▼oir  water  (acid)  in  test  tube  with  lead 
IxV.  Wakefleld  Corporation  Water- 
worka. 


I   (a),  but  the  water  completely 

neutralised  with  Na«COa. 
Same  as  (a)  >  but  the  water  A  neutralised 

with  Na,qO|. 
Same  aa  (a),  but  the  water  {  neutralised 

withNaJoOk. 
Same  aa  (a),  but  the  water  ^  neutraUsed 

with  Vnfibi, 
Same  aa  (a),  but  the  water  fneutraliaed 

with  N%CO|. 
Same  aa  (a),  but  the  water  \  neutralised 

withNaJoOk. 
Same  as  (a),  but  the  water  f  neutralised 


with  VuJGOp. 
la  (q)fhu\ 
ithNaJOOt. 


t  the  water  A  neutralised 


with  NaaO( 


(a),  but  the  water  }  neutralised 
UOa. 


aa  (a),  but  the  water  ^  neutralised 
with  Na^cb,. 


October  6th.  Slight  aotion  commencing 
in  (^),  no  action  visible  in  (6).  Action 
beginning  in  (c)  to  (A;Kand  nnparently 
increasing  in  the  order  given  in  the 
table. 

October  6t]i,  7th.  10th,  Uth.  Same  re- 
marks. 

October  Iftth.    P  slight  action  in  (d) . 

October  17th.  Distinct  action  in  (a). 
?  slight  action  in  (6).  Action  in  all 
the  other  tubes,  and  apparently  leaat 
in  (c)  and  greateat  in  (k).  Thus  the 
amount  of  erosion  aeemed  to  correapond 
with  the  amount  of  Na|COa  preaent  hi 
the  water,  i.e»  where  there  waa  leaat 
NaiCOs  there  was  moat  erosion. 


•    98614. 
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This  table  (Table  XLVI.)  indicates  that  partial  neutralisation  with 
sodium  carbonate,  although  it  may  diminish,  does  not  remove  the  erosive 
power  of  Bingstone  Beservoir  water,  and  that  complete  neutralisation  is 
needed  to  prevent  altogether  erosion  from  taising  place.  Judging  from 
the  foregoing  tables,  it  may  be  added  that  probably  a  slight  excess  of 
sodium  carbonate  is  needed  to  ensure  a  moorland  water  being  really 
placed 'in  a  condition  remote  from  the  possession  of  erosive  ability. 

In  the  following  table  (Table  XLYII.)  the  effect,  as  regards  eiosion 
of  lead,  of  neutralising  acid  moorland  waters  with  lime  water  is  dealt 
with. 

Table  XLVII. 

Showing  the  Effect,  as  regards  Ebosion  of  Lead,  of  neutralising  Acn> 
MooBLAND  Watebs  with  Lime  Wateb  (CaOjHaO).  Compare 
with  Table  CI. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^")  completely 
submerged.] 


No. 


Description  of  the  Experiment. 


I      Total 
Remarks  as  to  Erosion,    j  (^JJ^^B^r 
I    100,000). 


October  9th.  1S94.—  I 

(a.)  10  C.C  Mossley  water  in  test  tube  with 
ieadlxi". 

(a\)  Same  as  (a). 

(b.)  Same  as  (a),  but  the  water  first  neu- 
tralised with  lime  water  (CaO.HjO). 

(6M  Same  as  (6). 

October  16th,  18M:— 
(a.)  10  CO.  Mossley  water  in  test  tube  with 

leadlxi". 
(b.)  Same  as  (a). 
(g.)  Same  (a),  but  the  water  neutralised  with 

CaO.  H,0. 
(h.)  Same  as  (g). 
(t.)  Same  as  (a),  but  the  water  i  neutralised 

with  CaO,  H,0. 
(j.)  Same  as  (i). 


October  SOth.lKW:— 
(a.)  10  C.C.  Sliipley  water  in  test  tube  with 

leadlxi". 
(d.)  Same  as  (a),  but  the  water  neutralised 

with  CttO.  H,0. 
ie.)  Same  as  {a),  but  the  water  \  neutralised 

with  CaO.  H,0. 
(/.)  Same  Bs(a),  but  the  water  I  neutralised 

with  CaO,  HfO. 


November  7th,  1804 :— 
(a.)  10  C.C.  Mossley  water  in  test  tube  with 

leadlxV. 
(6.)  Same  as  (a). 
(e.)  Same  as  (a),  but  the  water  neutralised 

with  CaO,  H,0. 
(/.)  Same  as  (*). 


November  Iflth,  1894  :— 
(a.)  10  C.C.  Ardsley  water  (before  treatment) 

in  test  tube  with  lead  1  x  i". 
(b.)  Same  as  (a). 
(e,)  Same  as  (a),  but  the  water  neutralised 

with  CaO,  H,0. 
(/.)  Same  as  (a),  but  the  water  \  neutralised 

with  CaO,  HjiO 


October  10th,  lltb,  and 
12th.  Lead  renewed  in 
(rt>),  (6»).  October  2lst. 
No  action  visible  in  (a), 
(6) ;  distinct  action  in 


October  17th.  Lead  re- 
newed in  (6).  (h),  O). 
October  18th.  No  action 
in  (a),  (</),  li) ;  none  in 
ib),  (h),  ij);  lead  re- 
neweclin  (*),  (j).  Octo- 
ber 23rd.  JNo  action 
visible  in  (a),  (g),  (i), 
action  hov.'ever  in  (b). 


November  8th.    Distinct 
action  in  (a) ;  no  action  { 
visible  in  id) ;  distinct  I 
in  (e),  and  only  slight  | 
in  (/).    In  this. as  in  all 
the  other  experiments,  it  ; 
was  noted  that  althouftb 
the  CaO  H,0  teudod  to  I 
prevent  erosion,  no  pro-  I 
tective  coating  seemed 
to  be  formed,  the  lead 
remaining  quite  bright. 
The  amount  of  lead  was 
estimated. 


(o.)  lO-O 
id.)  1-0 
ie.)   12-5 


November  fith  and  9th. 
Lead  renewed  in  (b), 
(/).  November  20th. 
No  action  apparent  in 
(a),  (e) ;  action  in  (/), 
and  enormous  action  in 
(6).  The  amount  of  lead 
was  estimated. 


December  8th.  No  action 
visible  in  («).  Distinct 
action  in  (a),  (b).  Action 
ill  {/)» but  not  so  great 
as  in  (a),  ifi)^  Amcrmt 
of  lead  cstiqutfed.       '  ' 


(6.)  60-0 
M     1-0 


(a.)  n-o 

(b.)  17-6 
ie.)     1-6 
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Tablb  XLVII. — continued. 


No. 


Description  of  the  Szperiment. 


Remarks. 


Total 
Lead  Salt 
(parte  per 
100,00U). 


10 


November  84(h,  IfiM .—  I 

(a.)  10  C.C.  Dunlbrd  Reservoir  irater  in  t€st 

tube  with  lead  ixi". 
(6.)  Same  as  (a).  ' 

(«.)  Same  as  {a),  hat  the  water  neutralised  j 

with  OtO.  H^. 
(/.)  Same  as  (e). 


l>eoember  4th.  18M  :— 
(a.)  10  0.C  Shipley  water  in  test  tube  with 

leadlxi". 
(b.)  Same  as  (a). 
iff.)  Same  as  (a),  but  the  water  neutralised 

with  CaO.  H,0. 
(h.)  Same  as  (g). 
(«.)  Same  as  (a),  but  twice  as  much  CaO,  HsO 

added  to  the  water  as  was  necessary  to 

neutralise  it. 
U')  Same  as  (t). 


December  Uth.  1804:— 
(a.)  10  CO.  Shipley  water  in  test  tube  with 

leadlxi". 
(b,\  Same  as  (a), 
(jfc.)  Same  as  ia)»  but  the  water  neutralised 

with  CaO.  HsO. 
(L)  Same  as  (ik). 
(«.)  Same  as  (a),  but  the  water  neutralised  k 

with  OaO.  and  I  with  NaaCOa. 
(f>.)  Same  as  (m). 


Deoember  inh.  1804:— 
(a.)  10  0.0.  Mossley  water  in  test  tube  with 

leadlxi''. 
(6.)  Same  as  (a), 
(t.)  Same  as Ja).  but  the  water  neutralised 

with  GsCHiiO. 

f.)  Same  as  i. 

;.)  Same  as  (a),  but  twice  as  much  OaO.  HtO 

added  to  the  water  as  was  necessary  to 

neutralise. 
«.)  Same  as  (ft). 


1^:)' 


Fthnmrj  tOth,  ISOB  ;— 
(a.)  10  c.c.  Shipley  water  in  test  tube  with 

leadlxi". 
ib.)  Same  as  (a),  but  the  water  neutralised 
withCaO.HaO. 


(a.)    SO 

ib,)  100-0 
ie.)     6-0 

(/.)  70-0 


?.i 


600 
2*l» 


(*.)  80-0 
(».)      1& 


(J.)     !•» 


November   26th.       Lead 
renewed    hi    (6).   (/).  I 
January  7th.  I'^l'S.    No  ' 
distinct  actio  t  niipoient 
in  (a),  (<•).    Kjiom  ous 
actim     in     {h),     if)- 
Amount    of    \edd  e:»ti-  : 
mated. 


December  Sth,  1894    Lead  '    (a.)    8*0 

renewed  in  (6),  (A),  (J). 

Deoember  6th.    Action 

beginning  in   (^v).   (/i)  -. 

no  action,  liowever.  in 

(i),  so  lead  renewed  in 

ij).     Lead  renewed  in 

(i)  December  7th.  hth, 

9th.l0th,nth.l2'h.l3th, 

14th.  and  15th. 
Januaryl4th,  1896.  Action 

in  (a).  Verj*  great  action  i 

in  (6).  No  action  visible  , 

in  ig).    Very  great  ac-  j 

tion  in  (A).    No  action  i 

visible  in  (i).  and  none  | 

in  (j),  notwithstanding  i 

the  fh>quent  renewal  of  ' 

the  lead.     Amount  of  ' 

lead  estimated. 

] 
December  12th.    Load  re-  |    (a.)    0*(l 

newcd  in  (6),  (/),  («)•  I 

December  13th.     Lead  '    (ft.)1200 

renewed    in    (b),    (n).  \    (*.)    1*6 

December  14th.     Lead 

renewedin(»).  Decern-  ,    (l.)   10*0 

ber  16th.     Lead  again  <    (m.)   0*6 

renewed  in  (n).  ] 

Jamiaiy  10th,  1806.  SliKht  j    (i».)    I'O 

action    visible  in   (a),  ' 

enormous  action  in  (6).  I 

no  action  apparently  in 

(A;),  some  action  in  (/), 

none  in  (m),  and  none 

in  («).   Amount  of  load 

estimated. 


I 


December  13th.  Lead 
renewed  in  (6),  C/).  (^)- 
December  14th.  Lead 
renewed  in  (&),  (j),  (/), 
(a).  («).  ik). 

January  Oth.  189o.    Little  i 
or  no  action  in  («),none  i 


(a.)    ro 

(b.)  flO-O 
(i.)  Trace. 

(/)  10-0 
(*.)  Trace. 


visible  in  (i).^/r), action  | 
in  (*).(»,  (i),but much  ( 
greater  in  (b)  than  (j),  \    (/.)     6-0 


and  greater  in  (j)  than  I 
(I).  Amount  of  lead  { 
estimated.  i 


February  27th,  1805.    No  i    (a.)    I'O 
action    visible    in   (a),  i 
(6).     Amount  of  lead  •    (6.)    0*6 
estimated.  i 


It  is  to  be  noted  that  neutralisation  with  lime  water,  iilthough  inhibit- 
ing to  a  marked  extent  the  erosive  ability  of  acid  moorland  waters,  does 
not  seemingly  allow  the  lead  to  become  coated  with  a  protective  film^ 
and  does  not  a?  a  rule  place,  to  the  same  extent  as  dues  sodium  carbo- 
nate, the  waters  in  a  condition  remote  from  the  popsession  of  erosive 
abilify. 

F  2 
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Table  XLVIII.  shows  the  e£Fect,  as  regards  erosion   of  lead,   of 
neutralising  Shiplej  water  with  calcium  bicarbonate. 

Table  XLVIII. 
Showing  the  Effect,  ns  regards  Ebosion  of  Lead,  of  NEursiLLisiKO 
Shipley  Water  (an   Acid  Moorland  Water)   with  •CALCtuM 
Bicarbonate  (CaCO,,  H2CO3).     Compare  with  Table  XXXV. 
[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^")  completely 
submerged.] 


Total  Lattd 

No. 

Descriptton  of  iha  Experiment. 

Remarks. 

Salt(parta 
perl0<MIOO). 

1 

February  20th.  IMW:- 

(a )  10  ao.  Shipley  water  in  test 
tube  with  lead  ixi". 

February  a7th.    Little  or  no  action 

(a.)«  1-0 

visible  in  (a),  (b).  Lead  removed. 

(6.)  Same  as  (a),  but  the  water 
flnt  neutralised  with  'calcium 

acid  added  to  contents  of  tubes. 

(6.)=Traco. 

and  amount  of  lead  estimated. 

bicarbonate  (CaCO,,  H|C0s). 

8 

February  28th.  1895:— 

(a.)  10  CO.  Shipley  water  in  test 
tube  with  lead  ixi''. 

By  March  7th  erosion  in  (a),  (b), 

(a.)=  6-0 

and    apparently  greater   in    {b) 

(b.)  Same  as  (a),  but  the  water 

than  (a). 

(*.)=  8-0 

bicarbonate  (CaCO«,  H.COi). 

^ 

3 

March  ISth,  1895  :— 

(a.)  10  cc.  Shipley  water  in  test 

By  March  19th  marked  action  in 

(a.)  =10-0 

tube  with  lead  ixi". 

(a) ;  none  visible  in  (6). 

(b.)  Same  as  (a),  but  the  water 

(6.)=  1-0 

first  neutralised  with  *calcium 

bicarbonate  (CaC0»  H,COs). 

*  Distilled  water,  saturated  with  COg.  was  shaken  for  some  time  with  an  excess  of  powdered 
Iceland  spar  and  then  filtered. 

It  will  be  seen  that  in  Experiment  3,  but  not  in  Experiment  2,  neutra- 
lisation witli  CaCOs,  H2CO3,  prevented  erosion  from  taking  place  to  any 
extent. 

In  the  following  tobies  (XLIX.,  L.,  LI.,  LII.,  LIII.,  LIV.)  the 
effect,  as  regards  erosion  of  lead,  of  filtering  acid  moorland  waters 
through  limestone,  pclarite,  asbestx)s,  sand,  flint,  and  marble  is  set 
forth  in  detail. 

Table  XLIX. 

Showing  tlie  Effect,  as  regards  Erosion  of  Lead,  of  Filtering  certain 
Acid  Moorland  Waters  through  Limestone.  Comoure  with 
Table  CVIIl. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  X  i")  completely 
submerged.] 


Description  of  the  Experiment. 


Hard- 
ness 
(0a<;0, 

per 
100.000). 


Acidity 

in  Terms 

of  cc. 

^NsaCO, 

required 
to  neu- 
tralise 
100  cc. 
of  the 
Water. 


Remarks. 


Total 
LeadSblt 

(Farts 

per 

100,000). 


September  10th.  18M  :— 
(a.)  10  cc  Shipley  water  in 
test  tube  with  lead  1  x  i". 
The  same  water  as  in 
Experiment  1  (a).  Table 
CVllI. 
(6.)  Same  as  (a),  but  the 
water  first  filtered 
through  limostonc  The 
same  water  is  in  Experi- 
ment I  (6).  Table  C  VII L 


4*8 


5-6 


0-96 


0*30 


Erosion  distinct  in  (a),  (b), 
after  a  few  dajs.  By 
September  28th.  18M. 
Action  Tery  distinct. 
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Table  XLIX. — continued. 


Detoiipiion  of  the  Expmmenl. 


Hard- 
ness 
(C»(X)» 
P&rts 
per 
100,000). 


Aoidity 

in  Terms 

of  C.C. 

required 
to  nea- 
traliae 
100  cc 
of  the 
Water. 


Beniarki. 


I     Total 
LMdSalt 
(Bffts 

10^). 


,^ rnth.1894:— 

(a.)  10  0.0.  Monlej  water 
In  teat  tabe  with  lead 
lx|".  The  same  water 
as  in  Bxperiment  2  (a). 
Table  Cvfll. 
(ft.)  Same  as  1  (a),  but 
the  water  first  filtered 
throogh  limestone.  The 
same  water  as  in  Experi- 
ment 8  (6).  Table  CVll  I. 

October  find.  1894:— 

(a.)  10  CO.  Mossle/  water 
in  test  tube  with  lead 
lx|".  ThiP  same  water 
as  in  Experiment  8  (a), 
Table  CVIIL 

(6.)  Same  as  (a),  but  the 
water  first  filtered 
through  limestone.  The 
nme  water  as  in  Experi- 
ment S  (6).  Table  OVIII. 

October  4th.  18M:— 

(a.)  10  ex.  Bin^stoneRener- 
▼oir  water  in  test  tube 
with  lead  Ixi".  The 
same  water  as  in  Experi- 
ment 4  (a).  Table  C  VIII. 

(ft.)  Same  as  (a),  but  the 
water  first  filtered 
through  limestone.  The 
same  water  as  in  Experi- 
ment 4  (6). 

October  lOih.  1804:- 

(a.)  10  ac  Mossky  water 
in  test  tube  with  lead 
IxV.  The  same  water 
as  in  Experiment  6  (a), 
TablaCVIII. 

ja>.)  Same  as  6  (a). 

(ft.)  Same  as  6  (a),  but 
the  water  first  filtered 
throuffh  limestono.  The 
isme  water  as  in  Rraeri- 
ment6(6).TableCyiII. 

(6^.)  Same  as  6  (6). 

October  15th.  1894:— 

(a.)  10  cc.  ShiplM'  water 
in  teet  tube  with  lead 
IxY*'  The  same  water 
as  in  Bxperiment  6  {a), 
TkbleCym. 

(a\)  Same  as  6  (a). 

(ft.)  Same  as  (a),  but  the 
water  first  filtered 
through  limestone.  The 
same  water  as  in  Experi- 
ment 6  (6).  Table  CVIII. 

(61.)  8ameas6(6). 

October  28rd.  1894:— 

(a.)  10  cc.  Shipley  water 
in  tube  with  lead  Ix  v. 

(».)  Same  as  7  (a),  but  the 
water  first  filtered  once 
through  60  cc  pea^ize 
limestone,  at  rate  of  SO 
sees,  per  10  cc. 


2*8 


8*8 


8*2 


3-9 


3*9 


4*6 


2*8 


3*2 


49 


6*2 


0*42 


Neutral 


0*48 


Neutral 


0*66 


Neutral 


0*48 


Neutral 


0*90 


0-54 


September  18th.  1894.  No  j 
action  in  (a),  (6),  so  frpsh  { 
piecesof  lead  pnt  in  tubes,  i 
Erosion  now  commenced.  , 
and  by  September  28th 
was  very  pronounced  in 
both  (a)  and  (6). 


October  4th.  1894.  No 
action  in  (a).  (6).  so  lead 
renewed.  On  October 
6th  and  Oih.  again  re- 
newed. By  October  10th 
action  distinct  in  both 
(a)  find  (6). 


October  7th.  1894.  Action 
in  (a),  no  action  in  (6). 
so  lead  renewed.  October 
18th,  1884.  Action  now 
distinct  in  (a),  (6). 


October  10th.  1894.  No 
action  (a).  (a»).  (6),  (6'). 
so  lead  renewed  in  (a*). 
(61).  Lead  again  renewed 
in  (a»),  (6»),  October 
12th  and  IStb.  October 
16th.  Btni  no  action  in 
(a).  (6),  but  action  in  (ai). 
(6M.  October  2l8t.  No 
action  (a),  (6) ;  distinct 
action  (a*).  (6^. 


October  16th.  1894u  Slight 
action  in  (a),  (6).  (a*), 
(61).  Lead  renewed  in 
M,  (61).  October  2l8t. 
i>istinct  action  in  (a). 
(aM,  (6).(6>).butgfeatest 
in  (ai),  (61). 


October  27th.  1894^  Action 
in  (0).(6).  (c);  none  visible 
infd).  (0).  Leadremored, 
acid  added,  and  amount  of 
lead  estimated. 


(a.)  7*0 
(6.)  7*0 
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Table  XLIX.— con/mirecf. 


DeacripUon  of  the  Exiieriment. 


Hftrd. 

I16S8 

(CaCO, 
Farts 

knSSm). 


Acidity 

inTermB 

ofcc. 

required 
to  neu- 
tralise 
100  0.0. 
of  the 
Water. 


Bamarks. 


Total 

Lead  Salt 

(PftrU 

per 

100,000). 


10 


October  23rd,  1894— ron^. 

(e.)  Same  as  7  (6).  but 
the  water  filtered  twice 
through  the  limestone. 

id.)  Same  as  7  (6).  but 
the  water  filtered  five 
times  through  the  lime- 
stone. 

(0.)  Same  as  7  (6).  but  the 
water  filtered  ten  times 
throuffh  the  limestone. 


October  26tb,18D4:- 

(a.)  10  c.c.  Grain oUfle 
stream  (acid  feeder  to 
Orainclilze  Reservoir. 
Shipley  Waterworks)  in 
test  tube  with  lead  IX  v. 

(b.)  Same  as  8  (a),  but 
the  water  first  filtered 
through  60  C.C.  limestone 
(pea  sise)  at  the  rate  of 
90  sees,  per  10  c.c. 

(c.)  Same  as  8  (b),  but 
filtration  repeated  ten 
times. 


November  26th,  1884  :— 

(a.)  10  c.c.  Shipley  water  in 

test  tube  with  lead  1  x  V'. 

The    same    water  as  in 

Experiment  7  (a).  Table 

cvTii. 

(aK)  Same  as  e  (a). 

(b.)  Same  as  (a),  but  the 
water  first  filtered  through 
limestone.  The  same 
water  as  in  Experiment 
7(6i.TableCVlfl. 

(6».)  Same  as  0  ('>)   - 


November  28th,  18»4  :— 

(a.)  10  c.c.  Mossley  water  in 
test  tube  with  lead  1  xf'. 
The  mmo  water  as  in 
Exoeriment  8  (a).  Table 
OVKI. 

iaK)  Same  as  10  (a). 

(6.)  Same  as  (a),  but  the 
water  first  filtered  tlirough 
limestone.  The  same 
water  as  in  Experiment 
8(6),TableCVlfl. 

[bK)  Same  as  10  (6). 


5*6 


8-7 


8'5 


4*2 


0-90 


Neutral 


0*30 


Neutral 


October  Slst.  1894.  Action 
in  (a).  <&) ;  none  in  (c). 
November  6th,  1894. 
Action  in  (a),  (b);  no 
action  visible  in  (c). 
Lead  removed,  add  added, 
and  amount  of  lead 
estimated* 


November  Mth.  1894 
renewed  in  (ai),  m^ 
January  6th,  1896.  Action 
in  («)  distinct.  Action 
in  \b)  slight.  Distinct 
action  in  (o^)»  and  enor- 
mous action  in  (a^). 
Lead  removed,  acid  added, 
and  amount  of  lead  esti- 
mated. 


November  20tb,  1894.  Lead 
renewed  in  (a^).  (5^. 
November  SOth.  Lead 
renewed  in  (a*),  (ftM. 
January  12th,  1895.  No 
action  visible  in  (a),  (6). 
Action  vei7  IP^^eftt  in  {a}), 

m. 


M  ro 

(d.)  O'O 

M  0-0 

(«.)  4-0 
(6.)  4-0 
ie.)  f-O 

(a.)  16-0 

(a».)  90*0 
(b.)     1** 

(6».)  28*0 


The  coaditions  of  filtratioD,  when  not  stated  in  the  above  table,  are 
given  in  Table  CVIII.  It  will  be  seen  that  filtration  through  lime- 
stone had  the  effect  of  hardening  the  water,  reducing  or  neutralising 
the  acidity^  and  inhibiting  or  preventing  erosion  from  taking  place. 
It  ought./  however,  to  be  noted  that  the  above  treatment  did  not 
place  the  waters  in  a  condition  remote  from  the  possession  of  erosive 
Abilitj.      ' 
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Table  L. 

Showing  the  Effect,  as  regards  Ebosion  of  Lead,  of  Filtebikg  certain 
Acid  Moobland  Watbbs  through  Polabitb.  Compare  with 
Table  CVII. 

[Bright  sheet  lead  was  used,  and  the  pieces  1  x  ^"  completelj 
sahmerged.'j 


DMcription  of  tlie  Experiment, 


Hard- 

De88 

(GaCO* 
Parts 

10(^) 


Acidity 

inTcnnc 

of  CO. 

^NmCO, 
required 
tonen- 
fcralise 
lOOccof 
thaWater. 


Bemarks. 


Total 

Lead  Salt 

(Parta 

lOMOO). 


September  asthJSM  :— 
(oO  10  ac.  watersheddels 
ReNenroir  water  in  tube 
with    lead    Ix^,      The 
■ame  water  as  in  Experi- 
ment 1  (a).  Table  OVll. 
(aK)  Same  as  (a). 
(6.)  Same  as  (a),  but  the 
water       first        filtered 
through     polarite.      The 
mme  water  as  in  Bxperi* 
mentl  (6)»  Table  CVUT 


September  28th,  18M  ;-^ 
(a.)  10  CO.  water  of  add 
peat   feeder    to     Water- 
aheddels  Beserroir  in  test 
tube  with  lead  IxV.   The 
same  water  as  in  Experi- 
ment 8  (a).  Table  OViL 
{a\)  Same  as  <a). 
(6.)  Same  as  (a),  but  the 
water        first       filtered 
throngh    polarite.  _   The 


same  water  as  in  E: 
ment  2  {b).  Table  CY 


rTT- 


October  1st,  18M:~ 

(a.)  10  c.c  Shipley  water 
in  test  tube  with  lead 
IxV.  The  same  water 
as  in  Experiment  8  (a). 
Table  CVIL 

(6.)  Same  as  (a),  but  the 
water  first  filtered  slowly 
through  polarite.  The 
same  water  as  in  Experi- 
ment 3  (A.) » Table  Cm. 

(e.)  Kama  as  (a),  but  the 
water  first  filtered  at  a 
rapid  rate  through  polar- 
ite. The  same  water  as  in 
Experiment  S  (e).  Table 


OctoherlftklSM:— 

(a.)  10  O.C.  IfoBsIey  water  in 

test  tube  with  leadlx^'. 

The  same  water    as   in 

Experiment  4  (a),  Table 

(aM  SatteiM  (a). 

(6.)  Seme  as  (a),  but  the 
water  first  Altered  through 
polarite.  The  same  water 
aa  m  Experiment  4  (b). 
Table  CVlL 


t-fiO 


S'OO 


0*48 


Neutral 


t'fiO 


1*50 


6*20 


S'90 


4-60 


320 


8'£0 


O'iSO 


Neutral 


0*90 


Neutral 


0-06 


0*48 


Neutral 


September  29th.  Lead  re- 
newed in  (ai),  (6).  Sep- 
tember 30th.  Action  in 
(aO  and  not  in  <6),  so 
lead  renewed  in  (6). 
Lead  nsnewed  in  (6),  Oc- 
tober Ist.  October  2nd, 
action  now  in  (6).  Oc- 
tober lltb.  No  action  in 
(a) ;  action  in  (a')  and 
(b),  but  action  greater  in 
<aO  than  (b),  aHhoogh 
the  lead  had  been  renewed 
more  frequently  in  the 
latter. 


September  S9th.  Lead  re- 
newed in  (o^),  (ft).  Sep- 
tember 30th,  action  now 
commencing  in  (a*),  not 
in  (6).  Lead  renewed  in 
(*)  October  let  and  £nd. 
October  11.  Still  no  ac- 
tion in  (&).  Slight  ac- 
tion in  (a).  Action  dis- 
tinct in  (a*). 


October  2nd.  No  action  in 
lb),  (c),  so  lead  renewed. 
October  6th.  Action  now 
in  Jo),  (6).  (c).  October 
16th.  Distinct  action 
in  (a),  (6).  (c). 


Lead  renewed  in  (a^).  (6), 
October  4th,  6th,  and  6th. 
October  7th.  Action  in 
(A^)t  {b),  and  none  in  (a). 
Oeto^  16th.  IHfUnot 
action  (»^),  (b),  none  in 
(a). 
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TA.BLE  L. — continued. 


Acidity 

in  Terms 

Hard. 

or  ex. 

Total 

i 

Deeoription  of  the  Bzperinient. 

io{^). 

1>«.003 

rcQuired 
to  neu- 
tralise 

lOOCCOf 

theWater. 

B«marks. 

LesdSalt 
(Parte 

10^). 

5 

October  4th.  ia»4:- 

(a.)  10  C.C   Rinntone  Re- 
aervoir  water  in  test  tube 

3*90 

0-6B 

October  5th.  licad  renewed 

in    (a^).      October    eth. 

with    lead     Ixf.     The 

nme  water  as  in  Experi- 
ment fi  (a).  Table  CVU. 

(a),    (ai) ;   none  in  (fr). 
October  7tb.    Distinct  ao- 

(a\)  Sameai(a}. 

(b.)  Same  as  (a),  but  the 

tion  in  (a),  ia^) ;  none  in 
(b).  so  lekd  renewed  in 
(6).  October  18th.   Great 

8-60 

0-30 

water  first  filtered  through 

polarite.    The  same  water 

action  now  in  (a),  {a}). 

as  in  Bneriment  6  (&)» 

and  (6). 

6 

December  17th.  18M:— 

(a.)  10  CO.  Shiplegr  water  in 
test  tube  with  lead  1  x  i". 

6-50 

1*80 

December 20th.    Action  dis- 

(«.)    3-5 

tinct     in       (a'),       (&»). 

The  same    water    as   in 

January  lOth.  1896.  Great 

Experiment  6  (a),  TS,Dle 

action  In  (aM.  W),  little 
or  noactionin(6).8light 

(a\)  5  cc.  of  this  water  + 

action  in  (a).    Lead  re- 

(a».)  eo-o 

5  ex.  XXX  distilled  water 

moved,  acid  added,  and 

in  test  tube  with    lead 
(ft.rSune  as  (a),  but  the 

amount  of  )ead  estimated. 

4-00 

0-64 

(6.)    o*e 

water  first  filtered  through 

polarite.  The  same  water 

as  in  Experiment  6  (6)» 
Table  Cvfi: 

(bK)  fi  C.C.  of  this  water  + 

{b\)  40*0 

5c.c.XXXdistiUedwater 

in  test   tube    with   lead 

IxK. 

7 

May  17th.  1896.— 

(a.)  10  ex.  nnfiltered  Keigh- 

S'61 

0-64 

M«yl8th.   Lead  renewed  in 

(a.)    7*5 

ley  water  in    test    tube 
with    lead    Ixr.     The 

(oi),  (60.   as  no  action. 
May  19th.     Action  now 

same  water  as  in  Experi- 
ment 7  (a).  Table  C  VI L 

commencing  in  {a}),  (6*)* 
Msy  2SrdrAction  disimct 

(aK)  10*0 
ib.)     6*0 

(aK)  Same  as  (a). 

(b.)  Same  as  (a),  but  the 

4-20 

0*24 

in  all  the  tubes.    Lead 

removed,  acid  added,  and 

water  first  filtered  through 

amount  of  lead  estimated. 

•    polarite.    The  same  water 

as  in  Experiment  7  (6). 
Table  OVfl. 

(61.)  16*0 

ibK)  Same  as  (6). 

8 

May  21st.  1806:- 

(a.)  10  C.C.  Shipley  water  in 
test  tube  with  lead  1  x  i". 

600 

0-72 

Msy  23rd.     Renewed  lead 
in(a»),  (61)  as  no  action. 

(a.)  10-0 

The   same  water  as    in 

May  24th.    Slight  action 
now  in  (a').  (S^).     May 

Experiment  8  (a).  Table 

CVII. 

29th.  distinct  action   in 

(aK)  Same  as  (a). 

(6.)  Same  as    (a),  but  the 

ail  the  tubes,  vis.:   (a), 

{a\   10-0 
(6.)   6-0 

5*90 

0*64 

moved,  acid  added,  and 

water        first        filtered 

through    polarite.      The 

amount  of  lead  estimated. 

same  water  as  in  Experi- 
ment 8  (6).  IVible  CVII. 

(6M  Same  as  (6). 

(6».)  10-0 

9 

May  80th.  1895:- 

(a.)  10  CO.  Shipley  water  in 
test  tube^  with  Jeadlxi''. 

6-40 

0-78 

May  8lBt.    Slight  action  in 
(ai).  m.mlead  not  i«- 

(«.)  10*0 

The  same    water  as    in 

Exneriment  9  (a),  Table 

tinct  action  in  (a),  Id^), 

less  action  in   (6).  (fti). 

(aK)  Same  as  lai. 

Lead  removedjacid  added. 

ia\)  10*0 

(6.)  Same  as  (a)*  but  the 

5-50 

088 

and    amount     of     lead 

Abater  first  filtered  through 

estimated. 

polarite.    The  same  water 

as  in  Experiment   9  (6). 
Table  CvO. 

(b\)  Same  as  (6). 

i 

(6M  4-0 
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Table  L 

. — continued. 

j 

Descrtption  of  the  Experimeut. 

Hard- 
ness 

(OaOO, 
Parts 

100^). 

Acidity 

in  Terms 

of  ox. 

1>«.00, 
required 
to  neu- 
tralise 
100  ox.  of 
theWater. 

Bemarks. 

1V>tal 

Lead  Salt 

(Plwrts 

10?W0). 

10 

11 

JuMath.1896:- 

(o.)  10  ex.  Shipley  water  in 

twttttbe.witli]eadlxV'. 

The   same   wat«r   as  in 

foperiment  10  (a),  Table 

(a\)  Same  as  (a). 

(6.)  flvne  as  (a),  but  the 
water  first  filtered 
through  polarite.  The 
same  water  as  in  Experi- 
ment 10  (6),  liable  CVlI. 

(fri.)  Same  as  (6). 

June  8th.  1886:- 

(a.)  10  cc  unfiltered  Keigh- 
1^  water  in  test  tube 
with  lead  1  x.  i".  The 
same  water  as  in  Experi- 
ment 11  (a),  Tkble  GYII. 

ia\)  Same  as  (a). 

(ft.)  The  same  as  (a),  but 
the  water  first  filtered 
through  polarite.  The 
same  water  as  in  Experi- 
ment 11  (6).  Table  CVlI. 

(6>.)  Same  as  (6). 

7*30 
6-00 

8-90 
8-20 

0*96 
0*4a 

0-54 
0*84 

June  7th,  1895.  Slight  action 
in  (ai)^  lead  not  renewed. 
No  action  in  m  so  lead 
renewed.        June     18th. 
now  action  very  great  in 
(6»).    Very  slight  action 
in  (6),  more  in  (a),  (a}). 
Lead  removed,  aoid  added, 
and     amount     of      lead 
estimated. 

June  9th.  Lead  renewed  in 
(ai).    m,    June    19th, 
attl4  or  no  action  visible 
in  (aUb).  Action  in  (a^). 
m»    but     very     much 
greater  in  (6*)  than  faM. 
Lead  removed,  aoid  added, 
and     amount     of     lead 
estimated. 

(a.)   7-6 

(d».)  20-0 
(tt.)    0*6 

(ai.)   60 
(6.)    0-6 

(61.)  460 

The  conditions  of  filtration,  when  not  stated  in  the  above  table,  are 
^yen  in  Table  GYII.  It  is  to  be  noted  that  filtration  through  polarite 
bad  iisnallj  the  effect  of  softening  the  water  somewhat,  probably  by 
partially  neutralising  the  acidity.  As  regards  erosion,  the  results  were 
sometimes  satisfactory,  sometimes  the  reverse ;  but,  as  in  the  case  of  the 
limestone,  the  water  was  not  placed  by  the  treatment  in  a  condition 
remote  from  the  possession  of  erosive  ability. 

Table  LI. 

Showing  the  Effect,  as  regards  Ebosion  of  Lead,  of  Eiltbrino  Acid 
Moorland  Waters  through  Asbestos.     Compare  with  Table  CY. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  i")  completely 
submerged.] 


No. 


Acidity 

in  Terms 

of  CO. 

,^Na.00i 
Description  of  the  Experiment.    lO 

to  neu- 
tralise 
lOOccof 
theWater. 


Remarks. 


Total 
Lead  Salt 
(Pturtsper 
IOOlOOO). 


Seiitember  11th.  1894  :~ 

(a.)  10  ex.  Mossley  water  in 

test  tube  with  lead  Ixi". 

Tim    same    water    as   in 

Bneriment   2   (a),  Table 

(a>.)  Sams  as  (a). 

(b.)  Same  as  (a),  but  the 
water  first  filtered  through 
aBbesi:>s.  The  same  water 
as  in  Experiment  2  (6). 
Table  CV. 


0*42 


0*86 


September  18th.    No  action 
visiblein  ''"--•- 
renewed 

temberl4th.  

(a>).  (6).  September  28th. 
Erosion  now  distinct  in  (a), 
(a|).  r6).but  partioulsrly  in 


r  18U.    ao  acuon 

i(a).(ai),(6).Lead 

In  (a>).  (h).    Sep. 

L4th.  Action  now  in 
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Table  LI. — continued. 


ITo. 


Detcripkion  of  the  Eiperiment. 


Acidity 

in  Terms 

of  C.C. 

required 

toneu- 

tnliee 

lOOccof 

tbeWater. 


Remarki. 


Totel 
LeadSeli 

(Peru 
100." 


rtepcr 
1.OOOV 


September  17th.  1884  :— 

(a,)  10  C.C.  Shipley  water  in 
test  tube  with  lead  1  x  V. 

(6.)  Same  as    {a),    but  the 
water  first  paued  through 
an  asbestos  niter. 
September  fS9th.  1894  :— 

(a.)  10  CO.  Shipley  water  in 
test  tube  with  lead  1  x  \." 

(6.)  Same    as    (a),  but  the 
water     first    filtered  four 
times  slowly    through    an 
asbestos  filter. 
October  26th.  1894:— 

(a.)  10  C.C.  Black  Dvke  water 
in  test  tube  with  lead  1  x  i". 
The  same  water  as  iu 
Experiments  (a).  Table CV. 

(b.)  Same  as  (a),  bub  the 
water  first  filtered  through 
asbestos.  The  same  water 
as  in  Experiment  3  (6). 
Table  CV. 
Xoyembereth,  1894:— 
(a.)  10  CO.  Shipley  water  in 
test  tube  with  lead  Ixi". 
The  same  water  as  in 
Experiment  4  (a).TableCV. 

(a^.)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
water  first  filtered  through 
asbestos.  The  same  water 
as  in  Experiment  4  (b). 
Table  CV. 

(6M  Same  as  (6). 
February  18th,  1895  :— 

(a.)  10  C.C.  Shipley  water  in 
test  tubn  with  lead  Ixi". 
The  same  water  as  in 
Experiments  (a).  Table  CV. 

(6.)  Same  as  (a),  but  the 
water  first  filtered  through 
asbestos.  The  same  water 
as  in  Experiment  6  (6), 
Table  CV. 
April  10th,  180B:— 

(a.)  10  CO.  Shipley  water  in 
test  tube  with  Itedlxi". 
The   same     water    as    in 


Experiment  6  (a).  Table  CV. 
ib.)  Same  as    (a),  but    the 

water  first  filtered  through 

asbestos.    The  same  water 

as    in   Experiment  6    {b). 

Table  OV. 
AprU  17th.  180S  :— 
(a.)  10  cc.  Shipley  water  in 

test  tube  with  lead  IxV. 

The    same    water   as    in 


Experiment  7  (a).  Table  CV. 
6.)  Same  as  {a),  but  the 
water  first  filtered  through 


airt)Mtos.   The  same  water 
as  in  Experiment    7   (6). 
Table  CV. 
April  24th,  1886:— 

(a.)  10  O.C.  Shipley  water  in 
test  tube  with  load  I  x  i". 
The  same  water  as  in 
Experiment  S  (a).  Table  CV. 

ib.)  Same  as  (a),  but  the 
water  first  filtered  through 
asbestos.  The  saoie  water 
as  in  Ezceriment  8  {b), 
Tfcble  CV. 


1-20 
1-02 

0-78 
0*66 

0-78 
0-66 

0-84 
0-72 

0*72 
0*60 

0-78 
0*66 


By  September  28th,  dis- 
tinct erosion  In  (a)  and  (b), 
and  apparently  the  greatest 
action  m  (ft). 


Bqr  October  16th,  erosion 
m  (a)  and  (6),  but  in 
this  experiment  action  was 
greatest  in  (a). 


October  Slst.    Erosion  com-       (a.)>25'0 
mencing  in   (a),    (b).    By 
November     6th       erosion  ' 
distinct  in  (a),  (b).    Lead 
removed,  acid  added  to  con-       ib.)  =16'0 
tents  of  tubes,  and  amount  1 
of  lead  estimated. 


By    November 
In  (o).  (ai).  (b),  , 
greatest  in  (a),  (a^. 


20th    aetion 
(&»)._  but 


removed,  acid  added  to  con- 
tents of  tubes,  and  amount 
of  lead  estimated. 


Febniary  2lMt,  1896.  No 
visible  action  in  (a).  (6). 
Lead  removed,  acid  added  to 
contents  of  tubes,  and 
amount  of  lead  estimated. 


By  April  16th  distinct  erosion 
in  (6).  slight  action  also  in 
(a).    Amount  of  lead  esti- 


By  Afril  22nd  action  in  (a). 


(6).  lut  less  in  (6) ^_ 

Amoi  nt  of  lead  estimated. 


By  May  1st  disttnet  action  in 
(a).  (6).  and  greater  in  (b) 
than  (0).  Amount  of  lead 
estimated. 


(•.)«  7-B 


(if.)=  7-5 
(6.)=  2-5 


(6M=  2-5 
(a.)  =1-0 

(6.)=  1-0 


(a.)=  6-0 


(6.)  =16-0 


(a.)=:  7-5 


(&.)s  1*0 


(a.)«10*0 


ib.)^U*i 
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Ta«ls~  ISH^^-contkMtd. 


Acidity 
mTernK 

ofcc 

•  ,  -.J 

Na 

Deecription  of  lbs  Bzperlment, 

reQuired 

tonen- 

tralise. 

lOOocof 

1 

Total 
L|^Salt 

ioo,ooir 

theWater. 

' 

10 

Hay  1st.  1886:- 

,0'96 

B7  Ha7  8th  distidd^'  aotlon  ip 
(a)7{b).  Leadi«mdired.acid- 
added  toooijt^tabf.tubetf, 
and  amount,  of  lead  eati* 
mated.          •  y,,  .  '^tt  ,,   .  , 

;  {d:)mWO 

The    nmq   ^ter  ,  U    in 
BxperlQJDQt   V(a).    Tftble 

III         • 

•  •         1 

(6.)  Sanie   M   (a),  but   the 

:rP;M 

•  '     ' 

.'  ^6.)-10-0 

water  first  filtered  throoffh 

•         f.      *i  II 

asbeetoe.    The  aame  water 

t'.i<    '■>''.{  - 

as  in   Experiment   0   (6). 

Table  CV. 

V    {                        1          1-      •      It         J.V           IM 

' 

U 

May  9th.  1896:- 

(a.)  10  ox.  Shinier  water  in 
tert  tabe  with  lead  IxV. 

0-78 

By  May  16th  neijionmhy-Xli)y 
to  contents  of  tubesTand 

'W^n-a 

The    tame   water    ai    in 
Bxperiment  10  (a).  Table 

1 

amount  of  lead  estimart^. 

, 

(6.)  Same   aa.Xah   bat    the 
wttter  first  iWred,  through 
aebestos.   The  same  water 

p:« 

•   (&.)«  7-5 

-*  ■          • '             ".   '  ^   tff- 

II 

"          , 

as  in  Experiment  10   ib). 

.     '•       -.t     ••!      '         .,*'■        >■> 

< 

TkbleCV. 

»  *   T     n»        ij 

The  conditions  of^  filtration,  when  hot  sUtMd  i|f  ;^tb^  aboire  tftble,  are 
given  in  Talble  OV.  The  filtration  through  asbestos' did  noi'ireduoe  the 
aciditj  or  the  erosiye  ability  of  the  various  wa^S. td  atfj^  material 
extent ;  indeed  in  some  cases  erosion  was  more  pronounced  m  the  case 
of  the  water  thus  filtered.  i  •        ,, :  ;,  .    ,  V"^ 

Tablb  LII.  -    ,..   .....  T,,(.    1/  'f 

Showing  the  Effect,  as  regards  Erosion  of,  Le!^|»,  of  ,Fii:.T£Bino  Aon> 
Moorland  Waters  through  Sand.    Comparenwith  TabU  CIX. 

[Bright  sh^etlead  was  used,  and  the  pieces  (I'-k^f'^/di^ih^etelj 
submerged.] 


Deacriptton  of  the  f,    > 
Ezpsmmeni'       ,  , 


Hard- 

•  nera 

(OftGOs 

Parts 

lOOfiOO). 


Acidity 

in  Terms 

of  0.0. 

required 

toneu' 

tralise 

100  0.0.  of 

theWater. 


It  1    Remarks     :) 

.  cm   '  ■  ; 

I     uant  »'•'•    n. 
■  i   I  'J 


■To<*l 
LeMBaie 
(Fnrts 
lOOr" 


rtsper 
,00(57 


September  Uth,  1804  :— 
(a.)  10  0.0.  Mossley  water 
in  test  tube  with  lead 
1 X  v.    The  same  water 
as  bi  Bxperiment  12  (a). 
Table  CSI 
I 
Septmnbep  14th.  1894  :— 
(6.)  Same  te  (a)/bnt  tha. 
water     flhrt-  filtsndi 
throogh     Uullane    sea 
sand.    The  same  water 
asinEn>erimentl2  (6). 
Table  COL 


fS 


9*8 


0*42 


Neutnl 


By  Septem] 
lion  ▼isibi 


Mk!   iTji     Ax,)  y.i  I 


renewed.   Br  Septehiber 
26th  action  distinotjia  (<|>,,. 

Sep4#mber  1^ ,  KgjilllfoA: 
m  (0),  so.  leBd  rdnew^d. 
Septembei  Itth...  Jtm  iio 
action  in  (6L  ap|e(^  bwq 
renewed^  Sentember  28th. 
Now  action  decided  in  (ft). 
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Taqlb  JjII.—- cantinued. 


Deecription  of  the 
Bxperiment. 


i  Hard- 
ness 

(CaCO, 

ParU 

per 

100.000). 


Aclditj 

in  Terms 

of  C.C. 


required 

tonen- 

traliae 

100  CO.  of 

tbeWater.l 


Remarks. 


Total 

Leadfliklt 

(Ftertopar 


100.0( 


September  lOth.  18M  :— 
(a.)  10  ex.  Wakefield 
**  untreated"  water 
fh>m  Ardalej  Reservoir 
after  filtration  through 
Oullane  sea  land  in  test 
tube  with  lead  lxk». 
The  same  water  as  in 
Experiment  IS  (6),  Table 

(6.)  Same  as  (a),  but  the 
nnd  was  prerioualj 
treated  with  HCl.  to 
dissolve  out  calcareous 
matters,  Ac.  The  same 
water  as  in  Experiment 
18  (c).  Table  <5lX. 

SeDtember86tb.l8M:— 
(a.)  10  c.c.  Shipley  water 
(after  filtration  through 
Oullane  sea  sand)  in  test 
tube  with  lead  Ix^^. 
Tbe  same  watar  as  in 
Bxperiment  16  (fr).  Table 

(6.)  Same  as  {a),  but  the 
■tnd  was  praviously 
treated  with  HCl.  The 
same  water  as  in  Experi- 
ment 16  (c).  Table  CIX. 

September  Mth,  1894  :~ 
(a.)  10  0.0.  Mossl^  water 
(after  filtration  throu||fh 
Oullane  sea  sand)  m 
test  tube  with  lead 
1 X  V'.  The  same  water 
aa  io  Experiment  17  (b). 
Table  GlX. 
(6.)  Same  as  (a),  but  the 
nnd  was  previously 
treated  with  HOI.  The 
same  water  as  in  Experi- 
ment 17  (c).  Table  OlX. 

October  8th.  18M:~ 

(a.)  10  cc.  Shipley  water 
in  test  tube  with  lead 
1  X  V'  The  same  water 
as  in  Experiment  18  (a). 
Table  CIX. 

(aK)  Same  as  (a). 

lb.)  Same  as  (a),  but  the 
water  was  first  filtered 
throuf^  Bhipley  sand- 
stone sand.  The  same 
water  as  in  Bxperiment 
18  (6),  Table  (nX. 

(bK)  8uneas(6). 

(tf.)  Same  as  (a),  but  the 
water  was  first  filtered 
through  Oullane  sea 
sand.  The  sune  water 
as  in  Experiment  18 
(c).  Table  CIX. 

(e\)  Same  as  (c). 

October  10th,  1894:— 
(a.)  lOcc.Mosslej  water 
in  test  tube  with  lead 
1  X  v.  Thesamewater 
as  in  Bxperiment  19  (a), 
Table  C^. 
{a\)  Same  as  (a). 


6-0 


S'8 


6*6 


6*8 


8*6 


8-S 


5*8 


4*9 


7*0 


2*8 


Neutral 


0-6 


0*42 


0*84 


Neutral 


0*86 


1*08 


1-06 


NeutnU 


0*48 


September  20th.  No  action 
visible  in  (at.  (&).so  lead 
renewed.  By  October  1st 
action  very  great  iu  both 
(a)  and  (ft),  and  action 
apparently  greater  in  (6) 
toan  (a). 


September  27th.  No  action 
{a),  (ft)«  8o  lead  renewed. 
September  28th.  Action 
commencing  in  (a),  (b). 
October  16th.  Oreat  ac- 
tion in  (a).  (6).  and 
greater  in  (6)  than  (a). 


Lead  renewed  in  (a).  (6). 
as  no  action  September 
27th.  28th.  and  39th. 
October  16tn.  Action  now 
decided  in  both  (a)  and 
(6).  and  greater  in  (6) 
than  (a). 


October  9th.  Lead  renewed 
in  (a»).  (61),  (c*).  Octo- 
ber  10th.  Action  now 
commencing  ia  (a^).  (6^. 
but  not  in  (c>).  so  lesid 
renewed  in  (^).  By 
October  2l8t.  distinct 
action  in  (a),  (a^),  but 
greatest  in  (a^).  Distinct 
action  in  (6).  (fri).  but 
greatest  in  (6^).  No 
action  visible  in  (e)  and 
only  slight  action  in  (c^). 


October  llth.  12th.  and  13th. 
Lead  renewed  in  (a^),  (6^). 
October  2Ut.  No  action 
visible  in  (a).  (6).  but 
distinct    action   in  (a^). 
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Table  LII. — continued. 


DMcriptionof  the 
Bzperiment. 


Hard- 
ness 

(OaCO, 

Parts 

per 

100.000). 


Aeidity 

in  Terms 

of  0.0. 

required 

tonea- 

tralise 

100  CO.  of 

thoWftter. 


Remarks. 


Total 
Lead  Salt 
(Pftrts 
100," 


rtspar 
1.000)7 


October  10th.  \%9^-cont. 
(6.)  Same  as  (a),  but  the 
water  was  first  filtered 
through  GuUane  sea 
sand.  The  nme  water 
as  in  Experiment  19  (6). 
Table  CIX. 
(61.)  Same  as  (6). 

October  16th.  1804  :— 

(a.)  10  CO.  Moasley  water 
in  test  tube  with  lead 
1  X  V'.  The  same  water 
as  in  Experiment  20  (a). 
Table  GIX.* 

{a\)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
wafer  was  first  Altered 
through  Gullsne  sea 
sand.  The  same  water 
as  in  Experiment  20  (6). 
Table  cK. 

ib\)  8ameas(»). 

{e.)  Same  as  (a),  but  the 
water  was  first  filtered 
through  sea  sand  pre- 
▼iousiy  treated  with 
HCI.  The  same  water 
as  in  Experiment  20  (c). 
TsbleCIX. 

(ci.)  Same  as  (c). 
November  ISth.  1804  :^ 

(a.)  10  CO.  Shipley  water 
in  teat  tube  with  lead 
1  X  \".  The  same  water 
as  in  Experiment 21  (a), 
l^ble  CIX. 

ia}.)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
water  was  first  filtered 
through  Oullane  sea 
sand.  The  same  water 
as  in  Experiment  21  (6). 
Table  cue. 

(6>.)  Sameas  (6). 

(e.)  Sameas  (a),  but  the 
water  was  first  filtered 
through  sea  sand  pre- 
riously  treated  with 
HCI.  The  same  water 
as  in  Experiment  21  (c), 
Table  CIX. 

{c\)  Sameas  (c). 
Xovember  20th.  1894  :— 

(a.)  10  cc.  Shipley  water 
in  test  tube  with  lead 
1  X  V'.  The  same  water 
as  in  Experiment 22  (a), 
Tibbie  CIX.  (iSM  Plate 
XIII.) 

[ai.)  Same  as  (a). 

\b.)  Sameas  (a),  but  the 
water  was  first  filtered 
through  Shipley  sand- 
stone ssnd.  The  same 
water  as  in  Experiment 
fl  (6).  Table  CIX. 

;6M  Sameas  (6). 

[e.)  8amf«  as  (6),  but  the 
rate  of  filtration  slower, 
and  a  neater  thickness 
of  sand  used.  The  same 
water  as  in  Experiment 
;c).  Table  CIX. 
(<?). 


ib.) 


4'1 


2-8 


5-6 


2-8 


6*9 


9*8 


5-5 


6*2 


6*2 


60 


Neutral 


Neutral. 


0*24 


1-02 


Neutral. 


0-78 


1-08 


0-96 


0*96 


October  17th.  Lead  renewed 
in  (a»).  (6»).  (c«).  Octo- 
her  21st.  No  action  in 
(a).  (6).  (c).  Action  in 
(61).  No  action  in  (a^). 
(ci).  Lead  renewed  in 
(aM.  (c»).  October  28rd. 
Still  no  action  in  (a).  (6). 
(e),  action.  howcTer, 
distinct  m  (a').  (6»).(ci). 


Deoember  l^t.  Lead  re- 
newed in  (ai).  (61).  {e^). 
December  2nd.  Acticin 
commencing  in  (a*),  (cO. 
but  not  in  (6))»  so  lead 
renewed  in  (61).  Deoem- 
ber 4th  and  8th.  Lead 
again  renewed  in  (6i). 
January  5th.  1896.  Nu 
action  visible  in  (6).  (6i). 
Slight  action  in  (a),  (c), 
and  greater  in  (a)  than 
[e).  Enormous  action  in 
[ai).  (aO.  and  greater  in 
V)  than  (<;!).  Lead 
removed,  acid  added  to 
contents  of  tubes,  and 
amount  of  lead  estimated. 


22  (c),  Tal 
(ci.)  Same  t 


January  6th.  1895.  Dedded 
action  in  all  the  tubes. 
Action  in  (a),  (ai)  greater 
thanin(6),  (61).  and(e). 
{c^).  Amount  of  lead 
estimated  in  (a).  (6).  (c). 


(o.)     10-0 


(a'.)lOO'O 


(*.) 


(6«.) 


VO 


10 


I 


(.;».)    60-0 
ia.)    80-0 


(6.)     20*0 


(c.)     20-O 
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Table  lAL^^cantinued. 


BeMription  of  the 
Ezperiniinit.' ' 


10 


11 


II 


lH 


Noveml)er  27th,  1  «94  :— 

{d.)  10  C.C.  Shipley  water 
in  test  tube  with  lead 
1  X  \".  The  same  water 
as  in  fizperiment  23  (a). 
Table  CIX. 

(a^)  Same  as  (a). 

(d.)  Same  as  (a),  but  the 
water  was  first  Altered 
through  S^phsy  'sand- 
stone sand.'  The  same 
water  as  in  Experiment 
28  {b).  Table  CIX. 

{0\)  Same  as(&). 


December  llth,  1894 1— 
(a.)  10  C.C.  Shipley  water 
in  test  tube  with  lead 
1  X  V:  The  same  water 
as  in  Experiment  24  (a). 
Table  Oil. 
iaK)  Same  as  (a). 
(6.)  Same  u  (a),  but  the 
water  was  first  filtered 
throuKh    Gullane    sea 
land.    The  same  water 
as  in  Experiment  24  (ft)» 
Table  Cli. 


(6M  Same  as  (6), 
ifil)  Same  as  (6), 


.but  the 

J  treated 

rhe   ij^me 

water  as'  in  EbLperimont 

24.(c;.  Table  on;, 

(eM  Same  as  (c).    - 


sand  preTiou 
with  Hq.. 


..r 


J 


January  »th,  1806:— 

(a.)  10  C.C.  Shipl^  water 

in   test  tube  with  lead 

\%,Y''    Th«^samewfter 

4s    in  ;, Experiment  10 


(a),T«6le6lX. 
(1.)  Same  as  (a) 
k)  Same  as  (a). 


h. 


\b.)  Same  as  (a),  but  the 
wa^r  urns*  ftrs^  " 
through  Nith  riyer 
sand.  The  nme  water 
M  in  Experiment  10  (5), 
fable  0^. 

ih\.)  Same  as  (6). 


Januaiy  Iftth.  1806:— 
(a.)  10  CO.  Shiptay  tfater 

in  test  tube  with  lead 

IxV. 
(a>.)  6  c<o.  of  the  same 

water  •»-  6  c.c.  distilled 

water. 
(6.)  Same  as  (a).hnt  the 

water  was  first  lUteretl 

slowly    through    river 

•and. 
(&^)  6  C.C.  of  the   same 

water   +  6    c.c.    XXX 

distilled  water. 
{e^)  Same  as  (6),  but  sea 

sand  employed, 
(c^)  6  C.C.   of  the  same 

Jater   +6  c.c.    XXX. 
istilled  water. 


Hard- 
ness 

(CaOOs 
Parts 


of  C.C. 

aired 


requl  _ 


100,000)-.' 


trails^ 
lOOcipwof 


B-6 


63 


6-0 


0*1 


6*1 


4*0 


6*8 


Remarks. 


Total 

Lead  Salt 

(PftrUrper 

100.000^. 


0-9 


0-6 


0*96 


Neutral. 


0  M 


0-9 


Trace. 


Noveipbor  -  28fib. 
renewed  in  (a^),  (6> 
November  80th.  Slight 
action  in  lai,  (6K  distinct 
action  in  (a^),  (b\),  Janu- 
ary 6th,  1806. '  -Very  alight 
aotion  in  (5),  distinct 
in  (a),  and'-enomious' 
action  in  (a}),  (6^),  but 
n^ter  ia  (a^)  tlian  ib^). 
Lead  removed*  acid  added 
to  pontents  of  tube^'  and 
amdunt  of  lead  estimated. 


December  IStfa.     

newed  in  (a^).  <»*),  {^. 
Dteember  18th.  Aetien 
commencing  in  («>).•  No* 
annarent  actxm  4n  '(ft}). 


(a.)    15-0 


r\a\)  fO'O 
(6.)       I'O 


(ft».)    60-0 


(a.)      6-0 


iV^),  .Le^'irnewad   in  I  (aMl20*0 

(tfi),<«S)7D^«fnnberl4tbi^  (6.)Trace. 
No  action  visible  in  (60 . 


Lead 


Action.,  in  ,  (a^, 
renewed,  in  (p^).  DlBcetn- 
berl6tfa.'  Great  aciiofei  in 
{a^),  (c»).  Januaar.lOtb. 
1896.  EnormouaaoUoain 
(a»),  W.  'No'  aoftioB 
apparently  in  (ft),  (6^, 
and  of^y  slight  action  in 
(a),  (c)w.  Amount  of  Itad 
estimated. 


January  10th,  1696.  Lead 
renewed  in  (d*),  (a^. 
JsAiWxy.  18tlv  1  .Action 
considerable  in  (6>);  faction 
also  in  (a),  (at),  (A)^  •but 
not  BO  well,  miirhad. 
Amount  of  lead  estimated. 


January,  ^ath.  ^ight^tion 
i^(a),aotionin(aO.(Sn. 
no  aottoo  viiible  in  (o),(«), 
{o^\.  Amount  of  lead 
estimated. 


1-0 
c7-5 


(«».)  100-0 


(a.)      2-6 


lb.) 


1-0 
60 


(6».)    tO'O 


(a.) 

8-0 

(o^.) 

lO'O 

(6.) 

1-6 

(M.) 

20*0 

,^.)  Trace. 

,.(c».)Trsct. 
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Table  LlL-^continued. 

Acidity 

in  Terms 

Hard. 

ofo.c 

fi|       De«criptionofthe 
^1           Bxperiment. 

neSB 
(^CO, 

^^oo. 

Remarks. 

Total 
Lead  Salt 

Parts 

required 
to  neu- 

(Parts per 

100,000). 

1 

100,000). 

tralise 
100  0.0.  of 

s 

1 

theWater. 

U 

'nay  22nd.  1896:-                    1 

1 

(a.)  10  C.C.  Shipley  water  1      6-0 

0-72 

May  23rd.     Lead  renewed     (a.)    10' C 

in  test  tube  with  lead 

m   {a}),  (61).    May  29th. 

Ixi".    The  same  water  i 

Distinct  action  in  all  the 

as    m    Experiment   26 

tubes.     Amount   of  lead 

(a).  Table  CIX. 
(aM  Same  as  (a). 
ib.)  8ame  as  (a),  bat  the 

estimated. 

(a».)    WO- 

6-2 

0*66 

(ft.)  ;  Kr-0 

water  was  first  filtered 

through  Keighley  sand- 

1"  '  •« 

stone  sand.     The  same 

^^ 

water  as  in  Experiment 
a5(6).TaWeCK:. 

, 

';..  >.  .-_  . 

( 

1  ■   '       »  •■ 

(6J.)  Samea8(6). 

1  (6».)  15-a 

15 

Maj2Sth.l895:— 

1 

(a.)  10  CO.  Keighley  water 
in  test  tube  with  lead 

8-8 

0*48 

May  29th.    Lead  renewed  in  i  (a.)    lO'O 
(aM     (6»).       June    feth.         " 
Action  in  (a),  (a')/  (6).      ' 

1 X  i''.    The  aame  water 

as  in  Experiment  26  (a). 
Table  Otl. 

m.  and    least  ip   (6).  ' 
Amount  of  lead  estimated. , 

la\)  S«meaa(a). 

U.)  Same  as  (0),but  the 

ia],)  20*0 

'  •        •       ■  1  W     2-S 

8-6 

0*42 

water  was  first  filtered 

through  Keighlej  sand- 

        j . 

stone  sand.    The  siime 

water  as  in  Experiment 
26  (6),  Table  CI.K. 

i 

(&>.)  Same  as  (6). 

(6».)   20*0 

16 

May  80th.  1805:- 

1 

(a.)  10  C.C  Shipley  water 

6*4 

0*78 

May  Slst.    Slight  action  in  ' 
(a»},no  action  visible  in 
(&^),  so  lead  renewed  in 

(a.)  '  1^-0 

in  test  tube  with  lead 

1 X  4".    The  same  water 

t» 

as  in  Experiment  27  (a). 
Table  ClX. 

(6).     June  7th.     Action 

in(a),  (a»),  (6),  (6'),and 

(a>.)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 

greatest  in  (6*).   Amount 

iaK)   10*(^ 
m    10-0 

5-7 

0-64 

of  lead  estimated. 

water  was  first  filtered 

through  Keighley  sand- 

■  • 

•  ••■'' 

stone  sand.    The  same 

■'' 

water  as  in  Experiment 
17  (6).  Table  ClX. 

,'11!         . 

(&M  Sameas(&}. 

,.  .     ,       1  (6M   20-O 

17 

Jane  6th,  1896:— 

•  '      1 

(a.)  10  cc.  Shipley  water 

7-8 

0*96 

June  7th.      Action   appa- 

(a.)     7*0 

in  tfst  tube  with  lead 

rently  comm^^nbiiig  m  (a'), 

1 X  y.    The  same  u  ater 

so  lead  not  retfeWetl.     No' 

as  in  Experiment  28  (a ) , 
Table  CIX. 

action  visible;  howfever.lh* 

1 

ifi^),  so    lead    renewed. 
June  12th.    A6tloil  now 

(aK)  Same  as  (a). 

■ 

•(ft.)      l'& 

(6.)  Same  as  (a)  but  the 
water  WS8  first  filtered 

6*0 

0-72 

very     marked     In"    (6'),' 
action  also  in  (a),  (a'),  no' 

through  Keighley  sand- 

action    visible     in.    (A),  j 

stone  lan^    The  same, 
water  an  in  Experiment 
28  (6).  Table  CIX. 

Amount  of  lead  e«fm\at{f 

f-         1 

J     '■ 

' 

*' 

ib\)  Same  as  (6). 

... 

.(6M    20*d 

18 

September  10th.  18M:- 
(a.)  10  CO.  Shipley  water 

,.    :  .    r    •' 

^m 

~- 

and  16th.  lead  renewed  in 

in  test  tube  with  lead 

rxl".    The  same  water 

(6),  as  no  .actiori;     By        "     ' 

as  in  Exp»riment  11  (a) 

September  la^H 'liict^i<Sfi  to 
ia),  so  lead  riet'rencweii'/ 
September  28th.     Action 
only  slight  in  15)  dtHinet; 
in  (a).                        '  /  ; 

** 

Table  ClX. 

(6.)  Same  ss  (a),  but  the 

'         ' 

water  was  first  filtered 

, 

through    Gullane    sea 

MDd.   The  same  water 

" 

'    as  in  Experiment  11  (6), 
Table  cfx. 

..V-      1  *. 

••/      i 
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The  conditions  of  filtration,  when  not  stated  in  the  foregoing  table,  aie 
given  in  table  CIX.  It  is  somewhat  difficult  to  summarise  this  table,  as 
sea  sand,  sandstone  sand,  river  sand,  and  sometimes  sand  previously 
treated  with  HCi  (and  then  with  distilled  water)  to  dissolve  out  the 
calcareous  matters  were  employed.  The  sea  sand  usually  had  the  effect 
of  hardening  the  water  and  neutralising  the  acidity ;  but  when  the  sand 
was  first  treated  with  HCI,  a  slight  softening  effect  was  produced  and 
the  water  retained  its  acidity.  As  regards  erosion,  in  the  first  case 
(untreated  sand)  erosion  was  inhibited,  and  sometimes  the  water  was 
even  placed  in  a  condition  remote  from  the  possession  of  erosive 
ability ;  in  the  latter  case  (HCI  treated  sand)  the  results  were  usually 
unsatisfactory.  The  sandstone  sand  usually  had  the  effect  of  slightly 
softening  the  water  and  reducing,  but  not  neutralising,  the  acidity.  As 
regards  erosion,  the  results  were  commonly  of  an  unsatisfactory  nature, 
the  water  either  retaining,  in  full  or  in  some  measure,  its  original 
erosive  power  and  not  acquiring  as  the  result  of  the  filtration  any 
special  pi  umbo- protective  ability  (Plate  XYIII.,  Fig.  21).  The  same 
remarks  apply  to  the  river  sand. 

Table  LIII. 

Showing  the  Effects,  as  regards  Erosion  of  Lead,  of  the  Filtration 
of  certain  Acid  Moorland  Waters  through  Flint.  Compare 
with  Table  CXII. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^'')  completely 
submerged.] 


Description  of  the 
Experiment. 


Hard- 
ness 

(OaCO, 

Pwrts 

per 

100,000). 


JanuRi7  2Sth,l89&:— 
(a.)  lO  CO.  Shipley  water 
in  test  tube  with  lead 
1 X  \".  The  same  water 
as  in  Experiment  1  {a), 
Table  CXII. 
(5.)  Same  as  (a),  but 
the  water  first  filtered 
through  flint.  The  same 
water  as  in  Experiment 
1(6),  Table  CXII. 

Janaai7S0th,1895:— 
(a.)  10  cc.  Shipley  water 
in  test  tube  with  lead 
1 X  \".  The  same  water 
as  in  Bxrorimeut  2  (a). 
Table  CXII. 
(6.)  Same  as  (a),  but 
the  water  first  Altered 
thmugh  flint.  The  same 
water  as  in  Experiment 
2(&).Tabl6CXn. 

January  Slst^lSOB:— 
(a.)  10  0.0.  Higher  Swine- 
shaw  Reeerrotr  water 
in  test  tube  with  lead 
1 X  i''.  The  same  water 
as  fti  Experiment  8  (a). 
Table  CXU. 
(&.)  Same  as  (a),  but 
the  watt^r  first  filtered 
through  flint.  The  same 
Itrater  as  in  Experiment 
S(6).TftbleCXrL 


4-9 


4-9 


6*4 


Acidity 
in  Terms 

of  C.C. 

55NMX). 

required 
to  neu- 
tralise 

100  cc.  of 
theWater. 


Remarks. 


8'4 


3*2 


1-02 


0*84 


0*96 


0*84 


0*48 


0*42 


Total 
Lewi  Salt 
(Parts  per 
100,000). 


Februaiy  2nd  1896.  Distinct 
action  in  (a),  slight  action 
in  (ft).  Lead  removed, 
acid  added  to  contents  of 
tubes,  and  amount  of  lead  ' 
estimated. 


Februaiy  4th,  1896.  Action 
in  (a),  (6).  Lead  re- 
moved, acid  added  to 
contents  of  tubes,  and 
amount  of  lead  estimated. 


February  7th.  1896.  Action 
in  (a),  no  risible  action 
in  (6).  Lead  removed, 
acid  added  to  contents  of 
tubes,  and  amoimt  of  lead 
estimated. 


(a.)  15-0 


(6.)    4*0 


(a.)    7-5 


(6.)    5*0 


(a.)  lO'O 


(ft.)     1-6 
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Table  Llll. — conttnued. 


Hard. 

Aciditj 

in  Terms 

of  cc. 

«»' 

nesA 
(CaCO, 

fo^'-^O' 

Eemarks. 

Total 
Lead  Salt 

1 

Experiment. 

Farts 
per 

required 
to  neu- 

100,00^ 

1 

100.000). 

tralise 

lOOccor 

f 

1 

theWater. 

♦ 

FobnMtf7eth.l885:— 

(a,)  lOcc  Shipley  water 

5-5 

0-M 

Februarjl2th.l8»5.  Action 

(a.)    4-0 

io  teat  tabe  with  lead 

in  (a),    (6).    greater   in 

ixi". 

(a)  than  (6).    Amount  of 

(b.)   Same    as    (a),    but 
the  wato^  first  filtered 
throQ^h  00  cc.  flint  (pea 

5-5 

0-84 

lead  estimated. 

(6.)    «-0 

tiize)  m  burette  (i  inch 

diani.).atrateof46secs. 

per  10  cc.     Filtration 

repeated  6  times. 

The  coDditions  of  filtration,  when  not  stated  in  the  above  table,  will 
be  foacd  in  Table  CXII.  It  will  be  noted  that  the  filtration  through 
flint  did  not  appreciably  alter  the  hardness  or  reduce  the  acidity  to  any 
material  extent.  Erosion  was  not  prevented,  although  the  degree  of 
action  was  inhibited  to  some  extent  by  the  filtration. 


Table  LIV. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Filtering  certain 
Acid  Moorland  Waters  through  Marble.  Compare  with 
Tatle  ex. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  i")  completely 
submerged.] 


Acidity 

in  Terms 

Hard-      of  cc 

*i 

ness     n  ^„  iv^ 
(CaCO,  i«^««^» 

TtiATtinrIra 

Tota 
Lead  Salt 

1 

Experiment. 

Parts 

per 

100,000). 

required 
to  neu- 
tralise 

lOOc.cof 

JM;uiiir&9. 

(Part*  per 
100.000). 

& 

theWater. 

1 

September  20th.  1894:— 
la.)  10 cc  Watersheddels 

2*5 

0-48 

September  30th.     Lead  re- 

newed     ill      (a»),      (6). 

tube  with  lead  1  x  V. 

October     11th.     Distinct 

The  same  water  as  in 

action  in  (a>),  {b).      No 
action     visible     m    (a). 
Action  in  (6)  apparently 
greater  than  in  (a')* 

Eneriment      16     (a). 

(aK)  Same  as  (a). 
(6.)  Same  as  (a),  but  the 
water  was   filtered  re- 

S-2 

Neutral 

peatedly  through  marble 

nntU  the  filtrate  oea^^ed 

to  give  an  acid  reaction. 

Tbi)  same  water  as  in 

Experiment      10     (6). 

e    98614. 


6 
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Tabls  LIV. — continued. 


Detcriptioii  of  the 
Bxperiment. 


Hsrd- 

nesB 

(CaCO. 

Parts 

per 

100,000) 


Acidity 
in  Terms 

of  O.C. 

required 

toneu- 

traliae 

100  0.C  of 

theWator. 


Remarks.' 


Total 

Lead  Salt 

(Fartaper 

lOO/WO). 


September  29tb.  1894 :—  I 
(a.)  10  e.c.  water  of  acid  , 
peat  feeder  to  Water-  l 
sheddels  Beservoir  (No.  { 
18)  in  test  tube  with 
lead  1  X  i".  The  same  | 
water  as  in  Experiment  i 
17  (a).  Table  ex. 


(aK)  Same  as  (a) . 
(6).  Same  asja),! 
water  was  first  filtered 


thxt>ugh  marble  until  the  | 
filtrate  ceased  to  fdve  an  . 
acid  reaction.  The  same  I 
water  as  in  Experiment  , 
17  (6).  Table  ex.  [ 

September  SOtb,  18M  .— 
(a.)  10  c.c.  Watersheddels  I 
Keservoir    water  (after  i 
very      slow     filtration  : 
through  marble)  in  test 
tube  with  lead  1  x  \". 
The  same  water  as  in 
Bxperiment      16      (c). 
Table  CX. 

October  4th.  18M:— 

(a.)  10  C.C.  Mossley  water 
in  test  tube  with  lead 
1  X  \".  The  same  water 
as  in  Experiment  19  (a). 
Table  ex. 

(a>.)  Same  88  {a). 

(6.)  Same  as  (a),  but  the 
water  first  filtered 
through  marble.  The 
same  water  as  in  Experi- 
ment 19  (6).  l^ble 
CX. 

Oololier  4tli,  1834  :— 

(a.)  10  c.c.  Bingstone 
Bnservoir  water  in  test 
tube  with  lead  1  x  i". 
The  samp  water  as  in 
Experiment  20  (o), 
Table  CX. 

(aK)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
water  first  filtered 
through  marble.  The 
same  water  as  in  Ex~ 
oeriment  20  (6),  Table 

October  9th.  1894:— 

(a.)  10  C.c.  Mossle/ water 
in  test  tube  vnth  lead 
1 X  i."  The  same  water 
as  in  Experiment  21  (a), 
Table  e£ 

(aK)  Same  as  (a). 

(6.)  Same  as  {a),  but  the 

•  water  first  filtered 
through  marble.  Tiie 
same  water  as  in  Experi- 
ment 21  (6),  Table 
CX 

(6M  Same  as  (6). 


2*6 


.  Same  as  (a),  hut  the  !     S'S 


0-6 


Neutral 


September  SOth.  Lead  re- 
newed in  (aO,  (b).  Lead 
again  renewed  in  (6)  Octo- 
ber 1st  and  2nd.  October 
11th.  Very  slight  action 
in  (a).  Action  in  (aM. 
No  action  apparently  in  (6) . 


S'8  '  Neutral  I  October  1st.  Lead  renewed 
in  (a),  October  2nd. 
Distinct  action  in  (a). 
October  11th.  Action  in 
(a)  comparable  to  action 
in  (&).  Experiment  1. 


8-2 


8-9 


0*48 


Neutral 


0*66 


4*3    I  Neutral 


2'8 


3-8 


0*48 


Neutral 


Lead  renewed  on  three  con- 
secutive days  in  (a^),  iff). 
October  16th.  No  action 
visible  in  (a),  distinet 
action  in  (aO>  (&). 


October  6th.  Lead  renewed 
in  (ai).  October  7th. 
Lead  renewed  in  (6). 
October  18th.  Distinct 
action  in  (a),  (a^),  (6). 


Lead  renewed  in  (a^.  (6>), 
October  lOtb,  11th,  12th. 
October  16th.  Action  now 
in  (a^),  none  in  (6^),  so  lead 
renewed  in  (6').  October 
18th.    Action  now  in  (a>). 


m 


October  21st. 


action  in  (a),  (5).  but  dis- 
tinct action  ni  (a*),  {b\ 


*'). 


Digitized  by  VjOOQIC 


99 


Table  L[V. — continued. 


ObKription  of  the 
Bzperiment. 


j  Acidity 
in  Termit 
Hard-  |    ofcc. 

(QiCO,  ioNa«COa 
P*rt9  J  required 

100.000).;    traliae 
100  C.C.  of 


October  Iffih.  1804:— 

(a.)  10  cc  Shipler  water 
in  teal  tube  with  lead 
Ixi".  The  same  water 
as  in  Eiperiment  28  (a). 
Table  CX. 

(aK)  Sameaa  (a). 

ib.)  Same  as  (a),  but  the 
water  flrst  filtered 
throoKh  marble.  The 
same  water  as  in  Bxpe- 
riment  82  (6).  Table 
CX. 

(61.)  8amea8(/>). 


January  22nd»  1885  :— 

(a.)  10  cc.  Shiplev  water 
in  test  tube  with  lead 
IxV'.  The  same  water 
as  in  Bzperiment  24  (a), 
Table  CXT 

{aK)  6  cc  Shipley  water 
-»>5  cc.  XXX  distilled 
water. 

(6.)  Same  as  (a),  but  the 
water  first  filtered 
throoffh  marble.  The 
same  water  as  in  Bxpe* 
riment  24  (6),  Table 
CX. 

{bK)  S  CC  of  the  same 
water  as  in  (&).+  5  cc. 
XXX  distiUed  water. 


October  2ttd,  1884:— 

(a.)  10  cc.  Shipley  water 
in  test  tube  wiih  lead 
1 X  V'.  The  same  water 
as  in  Ezperimont  18  (a). 
Table  CX. 

(6.)  Same  as  (a),  but  the 
water  flrst  filtered 
through  marble.  The 
same  water  as  in  Ezpe- 
riment  18  (6).  Table 
CX. 

{e,)  Same  as  (5),  but  rate 
of  filtiation  slower.  The 
same  water  as  in  Expe- 
riment 18  (c).  Table 
CX. 


theWater. 


4*9 


6*0 


4*9 


60 


6-2 


6*4 


5-6 


O'OO 


0'S4 


Kemarks. 


Total 

LndSalt 

(Parts  per 

100,000). 


October  16th.  Lead  renewed 
in(aM.(6>).  October 2l8t. 
Actionin  (a),  (a^).  (&),(&!), 
Bndgreatestin(at).  (6>). 


1'02 


Neutral 


January  25th,  1S95.  Distinct 
action  in  (a)»  little  or  no 
action  in  {b),  very  great 
action  in  [a^),  (6>)>  espe- 
cially  the  latter.  Lead 
removed,  acid  added  to  con- 
tents  of  tubes,  and  aaoimt 
of  lead  estimAte(L 


0*9 


Neutral 


(a.)  5ro 

{a\)  80-0 

(6.)  8-0 

(6».)  50*0 


By  October  15th.  18:)4,  very 
great  action  in  (a),  (6),(c). 


The  conditions  of  filtration,  when  not  stated  in  the  above  table,  will 
be  foond  in  Table  CX.  The  effect  of  the  filtration  of  the  acid  moorland 
waters  through  marble  was  to  render  the  waters  "harder**  and  to 
oautralise  or,  at  all  events,  greatly  to  reduce  the  acidity.  The  results 
as  regards  erofiion  of  lead  were  not  always  satisfactory  ;  and  the  filtra- 
tion through  marble  failed  to  place  the  waters  in  a  condition  remote 
from  the  possession  of  erosive  ability. 

Tn  the  following  table  (Table  LV.)  the  effect,  as  regards  erosion 
of  lead,  of  the  afldilion  to  various  acid  moorland  waters  of  measured 
quantities  of  silica  (Si02)  is  shown. 

o  2 
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Tablk  LV. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  Additign  U> 
yarious  Acid  Moobland  Waters  of  Measured  Quantities  of 
♦Silica  (SiO,).     tCompanj  with  Table  XCVIII. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  i")  completelj 
submerged.] 


Detcri]>tion  of  (he  Experiment. 


Aotditj 

in  Terms 

ofcc. 

l^NmOO, 

I  required 
j   to  neu- 
tralise 


100c  c  of 
theWater. 


October  3l8t,  1894  :— 

(a.)  10  C.C.  Shipley  water  in 
test  tube  with  lead  Lx^'. 
The  same  water  as  in  Ex- 
periment 1  (a) ,  Table  XCVI II. 

(5.)  Same  as  (a),  but  the 
water  first  shaken  with  ex- 
cess  SiO*.  The  same  water 
Hs  in  Experiment  1  (6), 
Table  XCVIII. 


November  6th.  1804  :— 

(a.)  10  CO.  ShiplQv  water  in 
test  tube  with  lead  IxV'. 
The  same  water  as  in  Ex- 
periment S  (a) .  Table  XCVIII 

(a^)  Same  as  (a). 

(6.)  Same  as  (a),  but  tho 
water  first  shaken  with  ex- 
cess SiOs.  The  same  water 
as  in  Experiment  S  {b), 
Table  XCVIII. 

(6>.)  Same  as  (6). 


November  7th,  1894:- 

(a.)  10  c.c.  Mossley  water  in 
test  tube  with  lead  Ixf'. 
The  saniei  water  as  in 
Expeiimcnt  4  {a),  Table 
XCVIII. 

(aK)  Same  as  (a). 

(b.)  Same  as  (a),  but  the 
water  flriit  shaken  with  ex- 
cess StO|.  The  same  water 
as  in  Experiment  4  (6), 
Table  XCTIII. 

(6^)  Same  as  (a). 


November  8th.  1894  :— 

(a.)  lOc.c&ingstoneBeservoir 
water  iu  test  tube  with 
lead  1x4".  Tlie  same  water 
as  in  Experiment  6  (a). 
Table  XC\TlI.  ^ 

(ai.)  Same  as  (a). 

(b.)  Same  as  (a),  but  the 
water  fir:>t  slmkioi  with  ex- 
cess SiO|.  The  same  water 
as  in  Experiment  6  (6), 
Table  XCVIII. 

ibK)  Same  as  (6). 


1-00 


0-78 
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0-78 


0-42 


0-30 


Ren'arks. 


November  8th.  Action  in  (a), 
(6),  but  greater  in  (a)  than 
(6).  Amount  of  lead  esti- 
mated. 


0-96 


November  20th. 
(a),  (ai).    On 


Action    in 


ly  very  slight 
actionin  (ft),(oM.  Amount 
of  lead  escimated. 


November  8ih.  Lead  renewed 
in  (a'),  (6»).  November 9th. 
Lead  renewed  in  (a»),  (6>). 
November  10th.  Action  com- 
mencing in  (a^)  ;  no  action 
visible  in  (a),  (b).  (6»). 
November  20th.  Enormous 
action  in  (a')  ;  no  action 
visible  in  (a),  (6).  (6^). 
Amount  of  lead  estimated. 


November  10th.  Action  ap- 
parently just  beginning  in 
(a),  (aO,  (6),  (6»).  Novem- 
ber 20th.  Distinct  action  in 
(a),  action  also  in  (a*),  (6), 
(&').  Amount  of  lead  esti- 
mated in  (a»),  (6').  January 
12lh.  18»5.  Amount  of  lead 
estimated  in  (a),  (b). 


Total 
LrndSaU 
(Parts  per 
100.000). 


(a.)  =  lO-O 
(6.)  =4-0 


(a.) 


(ft».) 
(a.) 


(a».)  : 
(6.)  = 


7-5 


7*5 
2-5 


Jf6 


1-0 


:100-0 

:       1-0 


(bK)  =    1-0 


(a.)  =  30-0 


(a».)  =  15-0 
(b.)  =  16*0 


(&».)  =  10-0 


•  An  excess  of  silica  (SiO,)  was  added  in  each  case,  viz. :  0*1  per  cent. 

t  The  first  pMj  of  each  separate  experiment  is  referred  teas  (a),  and  the  second  partis 
referred  to  an  {b)  in  this  table. 
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Table  LV. — continued. 

j 

Deacription  of  the  Eiperiment. 

Acidity 

in  Terms 

of  CO. 

required 
to  neu- 
tralise 
lOOccof 
the  Water 

Remarks. 

Total 
Lead  Salt 

B 

1 
November  8th.  18M  :— 

1 
1 

(a.)  10  cc.   Lowmoor  cafcch- 
wat^  in  test  tube  with  lead 
Ixi".    The  same  water  as 
in  Experiment  6  (a).  Table 
XCYIII. 

(aM  Same  as  (a). 

0-60 

November    lOth     and    11th. 
Lead  renewed  in  (a»).  (ft»). 
November  aoth.     Distinct 
action  in  (aM.  Uttle  or  no 

Amoimt  of  lead  estimated.  ' 

(a.)  =    2-0 
a».)  =  ia-6 

(b.)  Same  as    (a),  but   the 
water    first   shaken    with 
excess     SiO..      The    same 
water   as    m    Experiment 
« (6).  Table  XCVIII. 

0-30 

(6.)   =    1-6 

(6M  Same  as  (6). 

(*».)=    1-6 

6 

November  14th.  1894 :— 

(a.)  10  CO.  Shipley  water  in 
test  tube  with  lead  lx\". 
The  same  water  as  in  Ex- 
periment 7(a).T*ble  XCVIII. 

(aK)  Same  as  (a). 

(6.)  Same  as   (a),    but    the 
water  first  shaken  with  ex- 
oasB  SiQt*   The  same  water 
as    in    Experiment   7  (ft). 
Table  XCVIII. 

1-02 

0-at 

in  (ai).   (fti).     January  6. 
1806.     Action  in  (a).   (6). 
and  greater  in  (a)  than  (6). 
Enormous  action  in     an. 
m,    especially   in     M. 
Amount  of  lead  estimated. 

(a.)  =  10-0 

(a».)  =100-0 
(ft.)  =    6-0 

(61.)  Same  as  (6.) 

(6».)  =  80-0 

7    January  ieth.l80S:- 

(a.)   10  e.c    Shipley    water 
(after     filtration     through 
filter  paper)   in  test  tube 
withl£3lxV. 

(ai.)  Same  as  (a). 

(6.)  Same  as   (a),  but    the 
water  first  shaken  with  ex- 
oeas  SiOk.  and  then  filtered 
Hufoogfa  filter  paper. 

- 

January  17th  and  18th.    Lead 
renewed     in     (a^).     (fti). 
January   ttnd.     (Consider- 
able action  in  (a^).  (fti).  less 
in  (a),  and  least  of  all  in  (6) . 
Amount  of  lead  estimated. 

(a.)  =  WO 

(a».)  =  20-0 
(ft.)  =    1-0 

(6>.)  Same  as  (ft). 

(fti.)  =  20  0 

For  further  information  as  to  the  conditions  of  experiment  reference 
mwt  be  made  to  Table  XCVIII.  The  results  seem  to  show  that  the 
addition  of  silica  to  the  various  waters  reduced  to  some  extent  their 
aciditj  and  modified  their  erorive  ability ;  but  not  to  such  an  extent  as  to 
place  the  waters  in  a  *^  safe  "  condition  as  r^;ards  erosive  ability. 

In  the  following  table  (Table  LYI.)  the  effect,  as  regards  erosion  of 
leadyof  the  addition  to  an  acid  moorland  water  of  calcium  phosphate  and 
sodium  phosphate  is  set  forth  in  detail 


Digitized  by  VjOOQIC 


102 


Table  LVI. 

Shopfing  the  Action,  as  regards  Erosion  of  Lead,  of  the  Addihon  to 
Shipley  Water  (an  Acid  Moorland  Water),  of  Measurbi> 
Quantities  of  (a)  Calcium  Phosphate  and  (6)  SoDiujf 
Phosphate.    Compare  with  Table  XCVI. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  {")  completely 

submerged.] 


No. 


DeicriptioD of  the  EzpenmeQl. 


Reaction, 


Remarks. 


ToUl 
Lead  Salt 
(Parte  per 
100.000). 


December  11th.  1894  :— 

(a.)  lOcc.  Shipley  irater  after 
filtration  through  filter 
paper  in  teat  tube  with 
luMllxl". 

(b.)  Same  as  (a). 

(e.)  The  same  water  shaken 
with  0*6  per  cent,  sodium 
phosphate  and  filtered 
through  filter  paper.  10 
C.C.  in  tost  tube  with  I  ead 
IX  I". 

(d.)  Same  as  (c). 

(e.)  Same  as  (c),  but  calcium 
phosphate  used. 

(/.)  Same  as  {e). 

December  18th.  1894:— 

(a.)  10  c.c.  Shipley  water 
after  flltmtion  through 
filter  paper  in  test  tube  with 
leadlxi*. 

(6.)  See.  of  the  same  water 
+5  C.C.  XXX  distilled  water 
in  test  tube  with  lead 
ixy. 

(e.)  As  in  (c)  Experiment  1 ; 
but  only  O'l  per  cent,  sodium 
phosphate  used. 

id.)  As  in  (e)  Experiment  1 ; 
but  tlie  watAr  diluted  a 
half  with  XXX  distilled 
water  as  in  (6)  Bxperi> 
ment  2. 

(tf.)  As  in  (e)  Experiment  1 ; 
butonbr  0*1  per  cent,  cal- 
cium phosphate  usod. 

(/.)  As  in  (0)  Experiment  1 ; 
but  the  water  diluted  a 
half  with  XXX  distilled 
water  as  in  (b)  Experi- 
ment 2. 

March  SSOth,  1806  :- 
(a.)  10  CO.    Shipley   water 

after     filtration     throujrh 

filter  paper  in  test  tube  with 

leadlxf". 
(b.)  Same  an  (r)  Experiment 

1 ;  but  only  0*1  per  Gent< 

sodium  phosphate  used. 
(e.y  Same  as  (0)  Experiment 

1;  bnt  only  0*1  per   cent. 

calcium  phospliate  used. 

March  2«th,  1895  :— 
(a.)  K>    c.c.    Shipley    water 
.    after      filtration     through 

filter  paper  in  test  tube  with 

leadlxf". 
(6.)  Same  as  (c)  Experiment 

1 :  but  only  0*1    per  cent. 

sodium  phoKphate  used. 
{c.)  Same  as  {e)  Kxpcriment 

1;  but  only  0*1  per  cent. 

calcium  phosphate  used. 


Acid 


Neutral 


Acid 


Neutral 


Acid 


Neutral 


Acid 


December  IHh.  TiCad  re- 
newed in  (6),  (d).  (/).  De- 
cember 13.  No  act  ion  visible 
in  (a),  (6).  but  apparently 
action  in  {c)Ad).  No  action 
in  ie),  (/).  Load  renewed 
in(6).  (/).  December  18th. 
Action  now  distinct  in  (6). 
Lead  renewed  in  (d)  and 
(/).  December  20th.  Lead 
removed,  acid  added  to  con- 
tents of  tubes,  and  amount 
of  lead  estimated. 


December  20th.  Action  in  (&), 
apparently  none  in  (a),  (c), 
(d).  («),(/).  January  10th. 
1895.  Slight  action  in  (a), 
action  in  (6).  No  action 
visible  in  (r),  (d),  le),  (>). 
Lesd  removed,  acid  added 
to  contents  of  tube,  and 
amount  of  lead  estimated. 


March  26th,  1895.  No  action 
visible  in  (b),  (r),  slif^t 
action  in  (a).  Lead  re- 
moved, acid  added  to  con- 
tents of  tubes,    and  lead 


April  2nd.    Distinct  action  in 
(a),  none  in  (6),  (c).    Lead 
removed,     acid  added    to 
i      contents    of     tube'*,     and 
Neutral  <      amount  of  lead  estimated. 


I 


<!».)=  1-6 


(6.)  =10-0 
(c.)=Traoe» 


(d)=Ti«oe. 
(«.)=  1-0 


(a.)=  S-O- 

(i.)  =  6-a 

(r.)  =  0-5. 
(d.)=  0-S 

(0.)  =  0«t 

(/.)=ro 

(a.)  =»  4-0 

(ft.)  =*  «•<► 
(c.)  ^  •'» 

(a,)=«10-O 

(ft.)  =  Trace. 
(c)  =Tracei. 
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Tablb  LVL^continued. 


No. 


BeMsriptkm  of  tha  Bxperiment. 


Beaction. 


Apiil  4th,  1885  :-> 
(«.)    10  cc.  Shipley    water 

after     filtration      ihroogh 

filter  paper  in  test  tube  with 

teadlxV. 
(6.)  game  as  {c)  Bxperiment 

1 ;  but  only  0*1  per  cent. 

■odium  phosphate  used. 
(e.)  flame  as  U)  Experiment 

1;  liut  only  0*1  per  cent. 

.raleinm  phosphate  used. 
April  10th.  1896:— 

(a.)    10  cc.    Shiploy  water 

after      filtration     through 

filter  paper  in  testtnbewith 

leadlVpT 
(6.)  Same  as  (c)  Experiment 

1;  but  only  0*1  per  cent. 

eodium  phosphate  used, 
(c.)  Same  as  {«}  Experiment 

1;  but  only  0*1  per  cent. 

calcium  pboftphate  used. 


Acid 


Neutral 


Acid 


Neutral 


Remarks. 


Total 
Lead  Salt 
(Parts  per 
100,000). 


April  10th.     Distinct  action  !    M^  7*5 
m  (o).  none  in  (6),  {c).  Lead  ' 
removed,  acid  added  to  con-  I 

mnd  Avnniinf 

(6.)  =Traoes. 
(f.)  =TraceiL 


tents  of  tubes,  and  amount 
of  lead  estimated. 


April  16th.  Distinct  action 
m  (a), none  in  (6),  (r).  Lead 
removed,  acid  added  to  con- 
tents of  tube,  and  amount 
of  lead  estimated. 


<a.)=15-0 


(&.)  =Traoe, 


(<*.)  =  Trace, 


It  will  be  seen  tliat  the  addition  of  both  calcium  phosphate  and  .sodium 
phosphate  to  Shiplej  water  had  a  decided  influence  in  inhibiting  erosion. 

The  effect,  as  regards  erosion  of  lead,  of  the  action  of  Shipley 
water  upon  alloys  of  lead  and  tin  is  shown  in  the  following  table 
(Table  LVII.). 

Table  LVIL 
Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  Action  of 
Shipley  Water  (an  Acid  Moorland  Water)  upon  Alloys  of 
Lead  and  Tin.    Compare  with  Table  XIV. 
[Bright  sheet  lead  used  and  the  pieces  (I  x  ^Q  completely  submerged.] 


Total 

Na 

Remaiks. 

Lead  Salt 

(Parts  per 

100.000). 

1 

Tehnmrj  23rd,  1806  :— 
(a.)  10  cc.  Shipley  water  (aold) 

• 
By  February  27th.    Slight  action 
visible  in  fa).  Uttle  or  no  action 

(a.)==6-0 

in  test  tabe  with  lead  I  x  V'. 

(ft.  =2-6 
(f.U2-0 

(6.)  Same  as  {a),  bat  alloys  of 

apparently    in  (6),  (<?).  {d),  (e). 

lead  with  2  per  cent.  tin. 

Amount  of  lead  estimated. 

(d.  =2-5 

(c.)  Same  as  (a),  but  alloy  of 

lead  with  4  per  cent.  tin. 

(d.)  Same  as   (a),  but  alloy  of 

lead  with  6  per  cent.  tin. 

(e.)  Same  as    (a),  but  alloy  of 

lead  with  10  per  cent.  tin. 

2 

Fel}niai7  28th«lb86:- 
(a.)  10  cc.  Shipley  water  (add) 
in  test  tube  With  lead  1  x  V'. 

By  Mai«h  7th.  1896,  erosion  visible 
in  all  the  tubes.    Lead  removed, 

(a.)  =0-0 
(6.)  =8-0 

(6.)  Same  as    (a),  but  alloy  of 

acid  added  to  contents  of  tubes 

(o.)=7-0- 

leiKi  wjth  2  pei"  c6ni.  tin. 

and  amount  of  lead  estimated. 

(d.):^7-0- 
(r.)=7-0 

(c.)  Same  as  (a),  but   alloy  of 

lead  with  4  per  cent.  tin. 

(d.)  Same  as    (a),  but  alloy  of 

lead  with  6  per  cent.  tin. 

(s.)  Same  as    (a),  but  alloy  of 

lead  with  10  per  cent.  tin. 

— , , — 

Judging  bj  the  results  of  the  second  experiment,  it  would  not  soem 
as  if  alloys  of  lead  and  tin  could  be  relied  on  to  prevent  erosion. 

In  the  following  table  (Table  LVIII.)  the  effect,  as  regards  erosibn 
of  leady  of  the  addition  to  certain  acid  moorland  waters  of  each  of  tlhe 
following  substances : — Powdered  limestone,  chalk,  polarito;  Icelaild  spiir^ 
marble,  and  Hint  is  set  forth  in  detail. 
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Table  LVIII. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the  Addition 
to  certain  Acid  Moorland  Waters  severally  of  the  following: 
substances:— Powdered  Limestone,  Chalk,  Pol aritk,  Iceland 
Spar,  Marble,  and  Flint.     Compare  with  Table  CI  I. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  ^^')  completely 
submerged.] 


Description  of  the 
Experiment. 


Hard- 

ness 

(CaCOs 

Parta 

10<^). 


Reaction. 


Remarks. 


Total 
Lead  Salt 
(Parte  per 
100,00<^. 


September  lOth.  1S9I  :— 
(a.)  10  C.C.  Shipley  water 
in  test  tabe  with  lead 
IX  v. 
(6.)  Same  as  (a),  but  the 
water  first  shaken  with 
an  excess  of  iwwdered 
limestone,    allowed    to 
settle  and  then  carbf  uUy 
decanted. 
(e.)  Same    as    (6).    but 
powdered  chalk. 

September  19th.  1894  :— 
(a.)  10  C.C.  Wakefield 
water  (before  "  treat- 
ment")  shaken  with 
excess  powdered  chalk, 
allowed  to  settle  and 
then  carefully  decanted, 
in  test  tube  with  lead 
ixf. 
(6.)  Same  as  (a),  but 
powdered  limestone. 

September  19th.  1894 :— 
(a.)  SMne  as  (a)  Experi- 
ment 2.  but  Higher 
Swineshaw  Reservoir 
water  used. 
ib.)  Same  as  (6)  Experi- 
ment 2,  but  Higher 
Swineshaw  Reservoir 
water  used. 

October  9th,  1894:— 

(a.)  Shipley  water 
(shaken  with  excess 
powered  chalk,  allowed 
to  settle  and  then  care- 
fully decanted) .  10  o.c. 
in  test  tube  with  lead 
IxV. 

(6.)  Same  as  (a). 

October  9th,  1894.— 

(a.)  10  c.c.  Mosaley  water 
in  test  tube  with  lead 
1x4". 

laK)  Same  as  (a). 

(b.)  Same  as  (a),  but  the 
water  first  shaken  with 
excess  chalk  (powdered), 
allowed  to  settle,  and 
then  carefully  decanted. 

(b\)  Same  as  (6). 

October  16th,  1894:— 

(a.)  10  c.c.  MoBsley  water 
in  tert  tube  with  lead 
lx|". 

(a}.)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
water  first  shaken  with 
exeeas  powdered  chalk, 
allowed  to  settle,  and 
then  carefully  decanted. 

(bK)  Same  as  (6). 


14-0 


Acid 


Neutral 


12*6 


2-8 


9-1 


Acid 


Neutral  j 


Acid 


Neutral 


September  ISfh.  Action 
commencing  in  (a),  no 
action  in  (o),  (c).  Tiead 
renewed  in  (6),  (e),  Sep- 
tember ISth,  14th,  letb. 
17th,  18th.  and  2ln.  Sej;>- 
tember  2Sth.  Action  dis- 
tinct in  (a),  no  action 
visible  in  (6),  (<;),  not- 
withstatidir.g  the  renewal 
of  the  pieces  of  lead. 

Lead  renewed  in  (a),  (6), 
Beptembor  20th,  21st,  and 
24th.  October  1st  still 
no  action  (a),  (6). 


Lead  renewed  in  (a),  (b), 
September  20th  and  21st. 
September  24th.  Slieht 
action  in  (a),  none  in  (6), 
so  lead  renewed  in  (b), 
October  1st.  Still  no  action 
in  (6),  and  only  Teij 
slight  action  in  (a). 


Lead  renewed  in  (b)  Octo- 
ber 10th.  11th.  16th.  and 
IQth.  October  Slst.  Still 
no  action  in  (a),  (6). 


Lead  renewed  in  (aM,  (b^), 
October  10th,  ilth,  and 
12th.  October  lAth.  Lead 
again  renewed  in  (b^), 
October  21st.  Noactionin 

ia),  but  action  in    (a^). 
fo  action  in  (6),  and  only 
very  slight  action  in  (6^). 


October    17th. 

newedin(a»),(ft»).  Octo- 
ber 18th.  Lead  again  re- 
newed in  (61).  October 
23rd.  No  action  in  (a 
(6),  but  action  in  (a* 
m.  Action  in  (6i)  oo! 
slight  in  amount, 


er 

I 
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Tadle  LVIII. — continued. 


*i  ; 

Hard- 

a            Beacription  of  the 
X                 BxperiiBent. 

ness    1 

,      Total 

^p£2'  B«wticn. 

lOiEooo). 

BAm^rit..                   Salt  Lead 
Bemarks.                   (Partanw 

100.000V 

» 

November  7th.  1804:— 
(a.)  10  C.C.  Moasley  water 
in  test  tube  with  lead 

S'8 

Acid 

Lead  renewed  in(a})Ab^), 

(a.) 

1-0 

October  8th  and  9th.    No- 

IxV. 

Tember  20th.    Very  great 

(a^)  Same  as  (a). 
lb.)  Same  as  (a),  but  the 
water  first  shaken  with 

action  in  (a^),  no  action 

\b,) 

600 

6-7 

Neutral 

▼isible  in  (a).    (6).  and 

0-6 

only  slight  action  in  (&i). 

allowed  to  settle,  nnd 

Lead  removed,  acid  added 

to  contents  of  tubes,  and 

then  carefully  decanted. 

amount  of  lead  estimated. 

(61.)  SuneaflCft). 

(6».)  aO'O 

«  ;  Jsnaaiy  16th,  ISM:— 

1      (a.)  10  ex.  Shipley  water 

— 

Acid 

January    17th.     Lead    re- 

(a.) 10-0 

(after  nitration)  in  test 

newed  in  (a>).  (60.  (c'). 

tube  with  lead  ix  v. 

(di.).  January  18th.  Lead 

aK)  Same  as  (a). 
1  6.)  Same  as  (a),  but  the 

renewed    in    (a^).    (6^, 

(6.) 

200 

— 

Neutral 

(cO.  (<fO.    January  19th. 

O'O 

water  first  shaken  with 

0*1  per  cent,  powdered 

(d»).  January  2l8t.    Lead 

Itm^tono     and      then 

renewed    in     (6^).     (d^). 

fllt<»n«d. 

January    22nd.      Action 
distinct  in  (a),  very  slight 

(fr>.)  Sameas(6).                ' 

(6».) 
(c.) 

0-6 

\e.)  Same    as      (6).    but 

— 

Acid 

action  in  (c),   no  action 

2*6 

powdered  polarite  (O'l 

in  (6),  id).    Great  action 

percent.)  replaced  the 
limestone. 

in    ia^),  (c^).    and  none 
visible     ill      (60.      [d^h 

c^)  Same  as  (r). 

eK)  30-0 

d.)  Same   as    (b),    but 

— 

Neutral 

acid  added,  and  amount 

Id.) 

00 

cent.)  replaced  th«*  lime- 

stone. 

* 

(di.)  Same  as  (d). 

{dK) 

0-6 

9     Janoary  28th.  1806:- 

(a.)  10  c,c  Shipley  water 

— 

Acid 

February  2nd.    Action  dis- 

(a.) lO'O 

tinct  in  (a),  no  action  in 

0*1  per  cent,  powdered 

(6).    Amount  of  lead  es- 

flint, and  then  filtered) 
in  test  tube  with  lead 

(ft.)^8ame  as  (a),  but  O'l 
per  cent.  Ireland  spar. 

timated. 



Neutral 

(6.) 

0-6 

10 

January  SOth.  1895  :— 

(a.)  10  cc.  Shipley  water 
(after  being  shtJcen  with 

— 

Acid 

February    4th.    1806.     No 

(a.) 

7*6 

action  visible  in  (6).  (eh 

(d).  (0).     Action   in  (a) 

flint  and  then  flltered) 

and  very  slight  action  in 

in  test  tube  with  lead 

(/).    Amount  of  lead  es- 

(6.)^8ime as  (a),  but  O'l 

timated. 

— 

Neutral 

(6.) 

0-6 

per  cent.  Iceland  Spar 
(powdered)  replaced  the 

(c.)  Same  as  (a),  but  O'l 

_ 

M 

(c) 

0'6 

per  cent,  marble  (pow- 

(<f.)  Same  as  (a),  but  01 
per  cent,  chalk  (pow- 
teed)  replaced  the  flint. 

^ 

»• 

id.) 

0-6 

ie,)  Same  as  (a),  but  01 
per     cent,     limestone 

_ 

t» 

M 

0*6 

(powdered)  replaced  the 

(/)  10  cc.  Shipley  water 



Acid 

(/.) 

2'0 

(flitered)   in   test  tube 

with  lead  IX  v. 

11 

October  4th,  18M:- 

(oO  10     cc.     Ringstone 
Beaerroir  water  in  test 

— 

M 

October  6th.   Lead  renewed 
in  (aO.  October  6th.  Ac- 

tube  with  lead  ixi". 

tianin(a).  (aO;  none  in 

iaK)  Same  as  (a). 

lb.)  Same  as  (a),  bat  the 

(6).      October  7th.  9th. 

_ 

Neutral 

10th.  11th.  12th.  and  16tb. 

water  shaken  with  an 

lead  renewed  in  (6)  as  no 

ezceM  of  clalk  powder 

action.       Octl»ber     18th. 

and  then  filtered. 

Decided    action  in    (a). 
(aO.  and  only  slight  in 
(6). 
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Speaking  in  general  terms,  the  results  showed  that  the  use  of  limestone, 
chalky  Iceland  Spar,  and  marble  nentralised  the  aciditj  of  the  varioas 
acid  waters,  inhibited  erosion^  and,  indeed,  ntnally  placed  the  waters  in 
a  condition  remote  from  the  possession  of  ^osive  ability.  Polarite  and 
flint  failed  as  regards  nentralming  the  aciditj  of  the  waters,  and  were 
unsatisfactory  in  inhibiting  erosion. 

In  Table  UX.  the  effect,  as  regards  erosion  of  lead,  of  the  addition  to 
add  moorland  waters  of  yarioas  salts  is  shown. 


Tablb  UX. 

Showing  the  Effbct,  as  regards  Erosion  of  Lead,  of  the  addition 
to  certain  Acn>  Moorland  Waters  of  Measured  Quantities 
of  each  of  the  following  sabstances : — Magnesium  Sulphate 
(MgS04)  i  Potassium  Nitrate  (KNO3) ;  AmTnonium  Nitrate 
(NH^NOj)  ;  Sodium  Nitrate  (NaNOj);  Sodium  Nitrite  (NaNog)  ; 
Potassium  Nitrite  (KNO^)  ;  Ammonium  Chloride  (NH4CI) ; 
Sodium  Chloride  (NaCl) ;  Calcium  Sulphate  (CaSoJ ;  and 
Sodium  Sulphate  (Na^Oj.  Compare  with  Tables  LXXXVIII., 
LXXXIX.,  XC,  XCII.,  XCIII.,  XCIV.,  and  XCV. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x^")  completely 
submerged.] 


October  2Srd,189«:— 
(a.)  10  cc  Shipley  wftter  in  test  tube  with 

kudlxV'. 
(6.)  10  C.C.  of  same  water  +  0*1  per  cent. 

Mr80«  in  test  tnbe  with  lead  1  x  f '. 
December  11th.  18M  :— 

(a.)  10  C.C  Shipley  water  in  test  lube  with 

leadlxr. 
(6.)  10  cc.  of  same  water  +  0*1  per  cent. 

MgSO«  in  teat  tnbe  with  lead  1  x  K 
(c.)  Same  as  (a). 
(d.)  Same  as  (ft). 


December  12th.  1894  :- 
(a.)  10  c.c.  Mossley  water  in  test  tube  with 
leadlxV 


(&.)  Same  as  (a). 
(c.[  ^- 


,.  .  The  same  water  as  in  (a)  +0*1  per  cent. 

Mr80«  in  test  tnbe  with  lead  1  x  f  ^ 
id,)  Same  as  (c). 


January  16th,  1896:— 
(a.)  10  c.c.  Shipley  water  in  test  tube  with 

lead  IX  v. 
(60  6  0.0.  of  same  water  as  in  (a)  +  6  ex. 

XXX  distilled  water, 
(c.)  10  C.C.  of  ftame  water  as  in  (a)  +  0*1  per 

cent.  MgSOt. 
(cL)  6  cc.  of  same  water  as  in  (c)   +  6  cc. 

XXX  distilled  water. 
January  IBtb,  1895  :— 
(a.)  10  c.c  Mossley  water  in  test  tube  with 

lead  IX  v. 
(6.)  6  c.c.  of  same  water  as  in  (a)  +  5  cc. 

XXX  distilled  water, 
(tf.)  10  cc.  of  fame  water  as  in  (a)  +  0*1  per 

opnt.  ICgSQi. 
(dj)  6cc.  of  same  water  as  in  (r)  +  6  cc. 

XXX  distilled  water. 


October27th.  Action  in  (a), 
(6).  Lead  removed,  acid 
added  to  contents  of 
tube,  and  amount  of  lead 
estimated. 

December  12th.  Lead  re- 
newed in  (c),  (rf).  De- 
cember ISth.  Leadanun 
renewed  in  (<?),  (rf).  De- 
cember 14th.  Action 
now  distinct  in  (e),{d). 
January  lOth.  1895. 
Action  enormous  in  (c). 
Lead  remoyed,  acid 
added  to  contents  of 
tubes,  and  amount  of 
lead  estimated. 

December  13th.  Lead  re- 
newed in  (b),(d).  De- 
cember Utn.  Leadanin 
renewed  in  (6),  (d). 
December  15th.  Action 
now  in  (6),  but  none  in 
(d),  BO  lead  renewed  in 
(d).  Januai^  9th.  1805. 
No  action  visible  in  (c). 
sliffht  action  apparently 
in(a),(rf).  Great  action 
in  (6).  Amount  of  load 
estimated. 

January  19th.  Slight  ac- 
tion in  all  the  tubes. 
Lead  removed,  aotd 
added  to  contents  of 
tubes,  and  amount  of 
lead  estimated. 


January  19th.    No 


rent  action  in  I 
in  (. 


very  slight 
Amount  of 


lead   Mti- 


(a.)    «•€ 
(b.)     8*6 

(O.)    6*0 

(6.)     2*0 

(r.)  120*0 
id.)    6*0 


(a.)    r4> 

(6.)  flO'O 
(c.)TraoeB. 

id.)    6-0 


(a.)  6*0 

(&.)  6-a 

(c.)  4*0 

(d.)  8*0 

(a.)  0-6 

v.!  6*0 

(r.)  0:6 

(d.y  I'T 
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Table  JAX.-^caniinued. 


I>eacription  ot  the  Kipniment. 


Bonuurks  as  to  Eronion. 


Total 
Le  Ml  Sail 
(Parts 
100, 


■ts  per 
i^oodr 


Oetober  10th.  1894:- 
<a.)  10  ce.   HifdMT  Swineshaw    Beaerroir 
water  in  test  tubewith  lead  Ixf. 


(b.)  Same  as  (ff.) 

(c.)  10  CO. of  same  water  as  in  (a)  +  0*1  per 

cait.KNOt. 
(J.)  Bameas(c.) 


10» 


11 


18 


14 


October  23rd.  1804:— 

(a.)  10  C.C.  Mossley  water  in  teat  tube  with 

lead  1x4".  ^ 

(6.)  10  CO.  of  same  water  as  in  (a)  +0*1  per 

cent.  KNOs. 


November  27tb,  1804:— 
(a.)  10  cc.  Shipley  water  in  test  tube  with 
•     -ixi". 


(b.)  Same  as  (a). 

(e.)  10  C.O.  of  same  water  as  in  (a)  +  0*1  per 

cent.  KNQb. 
(d.)  Same  as  (c). 

October  9th,  1894:— 
(a.)  10  C.C.  Mossley  water  in  test  tube  with 

load  IX  v. 
(6.)  Same  as  (a). 
(e.)  10  cc.  of  same  water  as  in  (a)  +  0*1  per 

cent  NH4NO,. 
(d.)  Same  as  (cj. 


October  SOth.  1894:— 
(a.)  10  cc.  Brushes  Beserreir  water  in  test 

tube  with  lead  ix  v. 
lb,)  8amea«  (a). 
le.)  lOccof  same  water  as  in  (a)  +  0*1  per 

cent.NH4NO,. 
(J.)  Same  as  {e). 


October  SSrd.  1894  :— 
(a.)  10  cc  Mossley  water  in  test  tube  with 

leadlxr. 
(6.)  10  cc.  of  same  water  as  in  (a) +0*1  per 

cent.  NH4NO,. 

October  90th,  1891:— 
(a.)  10  cc  Mossley  water  in  test  tube  with 

leadlxi^ 
(6.)  10  cc  of  same  water  as  in  (a)«i-0'l  per 

cent.  NIUNO.. 

NoTembnr  ISth,  1894  :— 
(a.)  10  cc  Mossley  water  in  test  tube  with 
-     Mx4". 

water  as  in  (d)40'l  per 


(6.)  Same  as  (a) 
(c)  10  - 


I  cc  uf 

NH4N0,. 


(d.)  Same  as 


Hovember  20th.  1694  :— 
(a.)  10  c.c  Mossley  water  in  test  tube  with 

leadlxi'. 
(&.).  SameasCa). 

ic)  lOccof  same  water  as  in  (a) +0*1  per 
>  .crniiNfiUNO,. 
(d.)  JIaiiioas  (e). 


Oetober  21st.  Lead  re- 
newed in  (6),  (d).  Oc 
tober82nd.  l/ead  again 
renewed  in  (6),  (d). 
October  SSrd.  Action  iii 
(d),  no  action  in  (6), 
so  lead  renewed.  Oc- 
tober 27th.  No  visible 
action  in  {a),{c),  distinct 
action  in  (o),  (d). 
Amt>nnt  of  lead  esti- 
mated. 

October  87th.  Little  or 
no  action  in  (a),  (6). 
Lead  removed,  acid 
added  to  contents  of 
tube,  and  amount  of  lead 
estimated. 

November  2Sth.  Lead  re- 
newed in  {b),  (d) .  Jan- 
uary 6th,  1895.  Action 
in  (a),  (c),  but  gmater 
in  (e)  than  (a).  Enor- 
mous action  in  lb),  (d), 
and  lipreater  in  (d)  than 
(6). 

October  lOlh.  Lead  re- 
newed in  (6),  (d).  Lead 
afffiln  leuewtd  in  (6) 
October  11th  and  12th. 
October  81st.  Action  in 
(6),  no  apparent  action 
in  (a),  great  action  in 
».  (d),  especially  the 
ter. 

October  2l8t.  Lead  re- 
newed in  (6),  (d).  Lead 
again  renewed  in  tb), 
October  22nd  and  2SkL 
October  27th.  No  aclion 
in  (a), distinct  actiou  in 
(6).  enormous  action  in 
{c),{d),  Amountof  lead 
estimated. 

Oetober  27th.  No  aetion 
visible  in  (a),  but  action 
in  (&).  Amount  of  lead 
estimated. 


November  Srd.  No  action 
visible  in  (a).  Action 
im  (6)  distinct. 


November  16th.  Noantion 
visible  in  (a),  (6) ; 
action,  however,  in  (c). 
<d).  Amount  of  lead 
estimated. 


November  26th.  No  action 
visible  in  (a),  (6): 
action,  however,  marked 
in  Ic),  (d>.  .  Amount  of 
lead  estimated. 


Utt< 


(6.)  20'» 

(c)   ro- 

(d.)  40'O 


(a.)    1*6. 
(6.)     2*6 

(a.)  lff*0» 

(b.)  flO-0^ 
(c.)  SS'O- 

(d.)lSO'O- 


(a.)  Trace» 

ib.)  260 
(c)  100*0 

(d.)lOO'O 


(a.)    IS 
(6.)  250 


(«.)  0*6 

XhS)  0-6 

(c.)  12-5. 

(d.)  12*6 


<a.)    0** 

(6.)     0*6 
W  86*0 

id.)  40*0 


*  With  the  Exception  of  Eiperiment  10,  all  the  waters  were  aoid« 
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Table  LIX. — continued. 


JJo. 


in 


16 


17 


18 


19 


20 


22 


23 


Description  of  the  Experiment. 


January  16th,  18»6:— 
(a.)  10  cc.  Monley  water  In  t«t  tube  with 

leadlxi".  .     ,  ^ 

(6.)  5  cc.  of  aame  water  ai  in  (a)  +  B  cc. 

XXX diatilled water.  .    ^^      ^^ 

(c)  lOccof  sajie  water  08  m  (o)  +  O'l  per 

cent.  NH4Nai.  .     ,  ^ 

(if.)  6  cc  of  same  water  as  in  (c)  +  6  cc. 

XXX  distilled  water. 

October  16th,  18M:-        ,  ,    ,^^       .,». 

(a.)  10  CO.  Mossley  water  in  test  tube  with 

lead  IX  v. 
(6.)  Same  as  (a).  .    ^  ^      ^ 

fc)  10  cc  of  same  water  as  In  (o)  +  O'l  per 

cent.  NaNO,. 
id.)  Same  as  (<7). 


October  20th,  1894:-     .      ^       „  ,         . 

(a.)  10  cc  Lower  Swiueshaw  Resenrour  water 

iu  test  tube  with  lead  1  x  \", 
(6.)  Same  as  (a).  •     ,  x   .  «  . 

\e )  10  cc  of  same  water  as  m  (a)  +  O'l  per 

cent.  NaNOs. 
(d.)  Same  as  (c). 


October  23rd,  1894 : — 
(a )  10  cc  Mossley  water  In  test  tube  with 

(6.)  10  cc.  of  same  water  as  in  (a)  +  O'l  per 
cent.  NaNOs. 

October  16th,  1894:—  .     .    .*w        .u 

(a.)  10  cc  Mossley  water  in  test  tube  with 

lead  1x4".      ^ 
(6.)  Same  as  (a).  *,.«., 

(c)  lOccof  same  water  as  In  (a)  +  O'l  per 

cent.  NaNO,.^ 
(d.)  Same  08  (c). 


Remarks  as  to  Brosion. 


Total 
Lead  Salt 
(Paruper 
100.C00). 


October  20th,  1894:-    „      „  ,         * 

(a.)  10  cc  Yeoman  Hey  Reservoir  water  in 

test  tube  with  lead  ix  v. 
[6.)  Simeas  (a).  .    /  .   .  «., 

c)  10  cc  of  same  water  as  in  (a)  +  O'l  per 
cent.  NaNOft. 
(d.)  Some  as  (c). 


IS:} 


October  23rd,  1894  ^-        ^      .     *    *  *  i_      ♦», 
(a.)  10  cc  Moasley  water  in  test  tube  with 
teadixi". 


&} 


Same  as  (a)  +  0*1  per  cent.  NaNO.. 
Same  as  (a)  +  O'l  per  cent.  KNOf. 


October  16th,  1894:- 
(o.)  10  cc  Mossley 

•eadlxl  . 
(».)  Same  as  (a). 
(e.)  10  cc  of  «u 

<»nt.  NHUCl. 
(d.)  Same  m  (c). 


October  23^d.  1894:— 
(a.)  10  cc  Shipley 

leodl^V. 
{Jb.)  10  CO.  of  same 

cent.  NH4CI. 


water  in  test  tube  with 
water  as  in  (a)  +0'1  per 


water  in  test  tube  with 
water  as  m  (a)+0'lper 


January  19th,  1896.  No 
action  risible  in  (a)  ; 
slight  action  in  (6) ; 
fonsiderablo  action  in 
(r),  id).  Amount  of 
lead  estimated. 


October  17th.  Lead  re- 
newed in  (6),  (d). 
October  18th.  Action 
beiritniinff  in  (d).  l^ead 
renewed  in  (6).  October 
23rd.  No  action  risible 
in  (a),  (c) ;  action, 
however,  in  (6),  {d.) 

October  21st  and  22i)d. 
Load  i^uewetl  in  (6), 
id).  October  2Srd,  ac- 
tion commencing  in  (6), 
(d).  October  27th,  no 
action  visible  in  (a),  (c) ; 
distinct  action,  however, 
in  (6).  (d),  and  espe- 
cially m  (d).  Amount 
of  lead  estimated. 


October  27th.  Very  slight 
action  in  (a),  (6). 
Amount  of  lead  esti- 
mated. 

October  17th.  Lead  re- 
newed in  (d),  (d). 
October  21st,  lead 
again  renew«'d  in  (6). 
but  not  in  (d).  as  action 
commencing.  No  appa- 
rent action  in  (a),  (e), 
October  2Srd,  no  action 
visible  in  (at.  (r) ;  action 
distinct  in  (6),  (d). 

October  21st.  Lead  re- 
newed in  (6),  (d).  By 
October  27th  action  in 
(a),  (6),  (<?),  (d).  Least 
in  (a),  more  action  in 
(6),  still  more  in  (c). 
and  greatest  in  (d). 


October  27th.  Little  or  no 
action  In  (a),  slight 
action  in  (6).  (e)  appa- 
rently. 


October  17th.  Lead  re- 
newed  in  (6).  (d). 
October  21sL  Lead 
aoin  ronewod  in  (6), 
(d).  October  23rd. 
Action  (6),  (d).  but 
greater  in  (6)  than  (d). 
Apparently  no  action  in 

October  f7ih.  Action  in 
(aV(6).  Lead  removed, 
acid  added  to  oontenta 
of  tube,  and  amount  of 
lead  esUma  ted. 


(a.)  0-5 
(6.)  6-0 
(r.)  80'0 
(d.)  SO'O 


{a.)  1-5 

(ft.)  80-0 

\c.)  3-0 

(d.)  80-9 


(a.)    1-5 
(6.)     2-5 


(a.)    6-f 

(ft.)    6X 
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Table  LIX. — continued. 


No. 


Deieription  of  the  Experiment. 


27 


SI 


Semarlcs  as  to  Erosion. 


Junoarj  28nd,  1806  :— 
la.)  10e.c  Shipley  water  in  test  tube  with 

li«dlxr.  , 

(6.)  6  0.0.  of  same  water  as  in  (a)  +  6  o.c. 

XXX  distilled  wster. 
{e.)  lOc.c.  of  same  water  as  in  (a)  +  O'l  per 

cent.  NH4CI. 
(d.)  6  CO.  of  same  water  as  in  (c)  +  6  c.c. 

XXX  distilled  water. 

Januaiy  Slst,  1896  :— 
la.)  10    c.c.  Higher    Swineshaw    Reservoir 

vater  in  test  tube  with  lead  1  x  i". 
(d.)  lOcc  of  same  water  as  in  {a)  +  0*1  per 

cent.  NH«Cl. 

October  83rd.  1804:- 
la.)  10  C.C.  Shipley  water  in  test  tube  with 

leadlxV'. 
(d.)  10  cc.  of  same  water  as  in  (a)  +0*1  per 

cent.  NaCl. 

October  SSrd.  1804:— 

(a.)  10  C.C.  Shipley  wster  in  test  tube  with 
lead  IX  v. 

(6.)  lOcc.  of  same  water  as  in  (n).  hut  the 
water  was  first  saturated  with  CaS<>«  (excess 
CaS04  added  to  the  water,  shaken  for  some 
time,  allowed  to  settle,  and  then  decanted). 

November  27th.  1894  :— 
(a.)  10  cc  Shipley  water  in  test  tube  with 

leadlxV. 
(6)  Sameai  (a). 
(r^Same  as  (a),  but  the  water  saturated  with 

(d.)  8amess(c). 


January  16th,  1895  :— 
(a.)  10  cc.  Shipley  water   (after  filtration 

tnrouKh  filter  paper)  in  test  tube  with  lead 

IxV. 
(6.)  Same  as  (a), 
(e.)  10  cc.  Shipley  water  (after  being  shaken 

with   0*1   per  cent.   CaS04    and    filtered 

through  filter  ]«per)  in  test  tube  with  lead 

IX  v. 
(d.)  Samea9(<;). 

September  10th.  1894  :— 
(a.)  10  cc  Shipley  water  in  test  tube  with 

leadlxi". 
(6.)  10  cc,  Shipley  water  (after  being  shaken 
with  excess  GaS04  for  some  time  and  then 
filtered  through  filter  paper)  in  test  tube 
with  lead  ix  v. 

October  23rd.  1804:— 
(a.)  10  ex.  Mossley  water  in  test  tube  with 

leadlxi". 
(6.)  10  cc  of  same  water  as  in  (a) +0*1  per 

cent.  NSflSO*. 


January  2fith.  189.1.  Dis- 
tinct action  in  (a), 
slight  action  in  (c), 
great  action  in  {h),  (d), 
but  greater  in  (6)  than 
(d).  Amount  of  lead 
estimated. 


February  7th.  1896.  Ac- 

tion  in   both   (a)  and 

l&K     Amount  of  lead 
estimated. 


October  27th.  Acti(in  in 
(a),  (ft),  but  greittcr  in 
(a)  than  ib).  Amount 
of  lead  estiiiiHted. 


By  October  27th  i.ction 
both  in  (a)  and  (b). 
Amount  of  lead  esti- 
mated. 


November  28th.  Lead  re- 
newed in  (6),  id). 
November  30th.  Slight 
action  commencing  in 
(a),  ((;),distmct  action 
in  (It),  id).  January 
6th.  1896.  Distinct  action 
in  (a),  less  in  (c).  Very 
great  nction  in  (6),  (d), 
especialJy  the  former. 
Amount  of  lead  esti 
mated. 


Lead  ranewed  in  (b),  id), 
January  17th  and  18th. 
January  22nd.  Action  in 
all  the  tube^',  greatest  in 
(6),  then  («),tben  (d). 
and  least  in  (c).  Aincunt 
of  lead  estimated. 


By  September  28th,  1891, 
action  in  both  (a)  and 
(6),  and  apparently  as 
much  action  in  {b)  as 
(a). 


By  October  27th  little  or 
no  action  visible  in  (a). 
ib). 


Total 
Lead  Salt 
(Parti  per 
100,000). 


(a.)  16-0 

(6.)  30-0 
(c.)     8-0 

id.)  16-0 

(a.)  10- 0- 

ib.)  10-0 

(a.)    6*6 
ib.)     3-5 

(a.)    6  6 
(6.)    6*6 


(a.)  13-0 
ib.)  90'0 
(c)  6-0 
id.)  20-0 


(a.)  10-0 


ib.)  20-0 
ic)     2-6 


id.)     7-0 


(a.)     1-5 
ib.)     1-6 


Speaking  in  general  terms,  the  sulphates  and  chlorides  do  not  seem  to 
have  exercised  a  very  pronounced  or  uniform  influence  in  any  direction ; 
but  on  the  whole  they  appeared  to  have  an  inhibitory  action,  whilst  the 
nitrites  and  nitrates  (particularly  ammonium  nitrate)  actually  increased 
the  erosive  action  on  lead  of  the  waters  dealt  with  in  these  experiments. 
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In  Table  LX.  the  eflfect,  as  regards  eroeion  of  lead,  of  filtering  certun 
mcid  moorland  wateis  tkrongh  chalk,  marble,  Iceland  spar,  coke,  and 
limestone  is  shown. 


Table  LX. 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Filtering 
certain  Acid  Moobland  Waters  through  Chalk,  Marblb, 
Iceland  Spar,  Coke,  and  Limestone. 

[Bright  sheet  lead  was  nsed,  and  the  pieces  (I  x  |")  completely 

submerged.] 


Deseription  of  ilie  Experimeat. 


Hard- 
ness 
(CaCOi 
Parts 
per 
100.000.) 


Acidity 

in  Terms 

of  C.C. 

j5Na,CO, 

required 

to  nea> 

tralise 

lOOc.c.of 

theWater. 


Remarks  as  to  Erosion. 


Total 
Lead  Salt 
(Parts  per 
LOO.OOO). 


OotoberI6th.l894:— 

(a.)  19  CO.  Shipley  water  in 
test  tube  with  leadl  x  \" 
the  same  water  as  in  experi- 
ment 2  («),  Table  CXI. 

(a^)  Same  as  (a). 

(6.)  Same  as  (a),  but  the 
water  first  filtered  through 
chalk.  The  same  water  as 
in  Experiment  2  (6),  Ttakble 
0X1. 

(6M  Same  as  (6). 

December  4th,  1894  :— 

(a.)  10  c,c.  Shipley  water  in 

test  tube  with  lead  1  x  i". 

(aK)  Same  as  (a). 

(d.)  Same  as  (a),  but  the 

water  first  filtered  through 

50C.C.  marble  (pea  size), 

in  burette  (|"  diam.),  at 

the  rate  of  If  mins.  per  10 

(«.)  Same  as  (6),  but  the 
water  first  saturated  with 
CO»  and  then  filtered 
twice  through  the  marble 
at  the  above  rate. 

{c\)  Same  as  (<>). 

December  6th,  1894  :— 
(a.)  10  e.c.  MoBsley  water 
in    test  tube  with  lead 
1  X  i". 
{aK)  Same  as  (a). 
(6.)  Same  as  (a),  but  the 
water  first  saturated  with 
OOk  and    then    filtered 
twice    through    50     c.c. 
marble     (pea    sise),    in 
burette  (f"  in  diam.),  at 
rate  of  It  mins.  per  10  c.c. 


(6M  Same  as  (5). 
(e.)  Same  as  (6). 
(c^)  Same  as  (6). 


4*9 


6*4 


5-4 
6'7 


35*0 


4-1 


82*4 


0-90 


0*48 


0*84 
Neutral 


?TT«oe 
acid. 


0*90 


Neutral 


October  16th.  I^ead  re- 
newed in  (a>).  (&M. 

October  21st.  Action  in 
all  t  he  tubes,  but  greater 
in  (ai),  (ftM.than  (a), 
(6).  Action  in  (a)  and 
(6)  about  the  same  in 
amount.  Action  in  (aM. 
(6^)  about  the  same. 


December  5th.  Lend  re- 
newed in  (a»),  (&')i  W' 

December  6th.  Action 
commencing  in  (a>). 
(6^).  Lead  renewed  in 
(e*)  December  6th,  7th, 
btb,9th.  10th.  11th,  12th, 
18th,  14th,  and  15th. 

Jauiuury  14th,  1895.  Slight 
action  in  (a) ;  very  great 
action  in  (a^).  {b^)\  no 
action  in  (o),  (c),and  no 
action  in  (c*),  notwith- 
standing the  frequent 
renewal  of  the  pieces  of 
lead.  Amount  of  lead 
estimated. 

December  6th.  Lead  re- 
newed in  (a»),  (61),  (c»). 

December  7th.  liead  re- 
newed in  (a»),  (6*),  (C). 

December  8th.  Lead 
renewed  in  (a'),  (6*). 
(c»). 

December  9th.  Action 
had  now  cotnmenced  in 
(»*),  none  in  (6*),  (c^, 
so  lead  renewed  in  (lA), 

December  lOth.  11th.  12th, 
18th.  14th,  and  16th,  lead 
renewed  in  {b^),  (c^). 

January  14th,  1895.  No 
action  yinible  in  (a), 
(6).  (6').  (c),  (ci).  Ac- 
tion very  great  in  (a'). 
Amount  of  load  esti- 
mated. 


(a.)    8*0 

(tf'.)60*0 
(6.)     1*0 


(6'.)  80*0 
(c.)    1*5 


icK)  O'S 


(aM80*0 


;&'.)Traoe. 
c.)  Trace. 
ci.)Tx«oo. 
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Tabus  LX. — continued. 


Acidity 

in  Terms 

Hard- 

of cc 

8 

I>Moriptluii  of  the  Eiporiment. 

ness 
Parts 

■SNa.00, 
required 

Eemarkfl  as  to  Erosion. 

Total 
LeadSidt 
(Parts  per 

0 

per 

to  neu- 

100.000). 

"I 

100.000). 

tralise 

lOOccof 

M 

the  Water. 

4 

Juxiury  22nd,  1805  :— 

(a.)   10  cc.  Shipley  water 

4*9 

1*02 

January  86th.  1806.    Dis- 

(a.) 160 

in  test    tube  with  lead 

tinct  action  in  (a)  i  no 
action  in  (6).  (c).  Great 
action    in    (a^  .    m ; 
trace  in  (c»).    I^ead  ro- 

1  X  V,   The  same  water 

^ 

as  in  Bxperiment  24  (a). 
Table  CXT 

(aK)  5  c^  of  the  same  water 
as  in  (o)  +  6  cc  XXX 
distilled  water. 

moTcd.  acid  added  to 
cunteuts  of  tubes,  and 
amount   of   lead    esti- 
mated. 

Co».)80-0 

(6.)  Same  an  (a),  bat  the 
water       first       filtered 

6-0 

Neutral 

(6.)    2-0 

tlirough     marble.      The 

same  water  as  in  Experi- 

ment 24  (6),  Table  CX. 

{b\)  5  CO.  of    the  nme 

-. 

— 

(6».)60-0 

water  as  in  (b)   +  5  cc. 
XXX  distilled  water. 

(<?.)  Same  as  (b),  but  half 

— 

— 

ic.)    0*» 

the  amount  of    Ns«C03 

added  to  the  water  as  was 

necasmry  to  neutralise  the 

original  acidity,  U.,  the 
acidity  of  the  water  in  (a). 

(c».)  5cc  of  the  same  wuter 

— 

— 

ieK)  8-6 

as  in   (c)  +  6  cc.  XXX 
distUled  water. 

B 

/annary  88th.  1895:- 

(a.)  10  cc.  Shipley  water  in 

4*0 

1-02 

January    2Stb.    Distinct 

(fl.)  16-0 

testtubewithleadlx  V'. 

action     in      (a),    (b). 

The   same  water  as   in 

Amount  of  lead    esti- 

Experiment  7(a),  Table 

mated. 

(6.)  Same  as  (a),  but  the 

*•» 

0-66 

(6.)   lO'O 

water  first  filtered  through 

Iceland  spar.    The  same 

water  as  in  Experiment 

7  (6).  Table  CIV. 

6 

January  a0th,18M:— 

(a.)  10  cjC  Shiidey  water  in 
test  tube  with  lead  1  x  \'\ 

5-4 

«•« 

February  4th.  1806.  Action 
in  (a),  none  Yisible  in 

(a.).  7-6 

The   same  water   as   in 

(6).     Amount  of   lend 

Experiment  8(a).   Table 

estimated. 

(6.)  Same  as  (a),  but  the 

6-7 

Neutral 

(6.)     1-0 

water  first  filtered  through 

Iceland  spar.    The  same 

water  as  in  Bxperiment 

. 

8(6),TW>leClV. 

.  7 

.  May  16th.  28B6:- 

(aJ  10  cc  Shipley  water  in 
test  tube  withTeadl  x  V'. 

5-74 

0-78 

May    21st.    No    action 

(a.)    6'a 

▼kble    In    (6).  slight 
action  in  (a),   lead  re- 
moved, acid  added  to 

The    same  water  as  in 

Experiment  6(a).  Table 

contents  of  tubes,  and 

(6.)  Same  as  (a),  but  the 

6-02 

0-CO 

amount   of    lead  esti- 
mated. 

(b.)    V9 

water  first  filterail  through 

coke.    The  same  water  as 

in  Bxperiment  6(d). Table 

•J.I 

CVl. 
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Table   LX. — continued. 


! 

DMcription  of  the  Ezperimflnt. 


Hard- 
new 

p6r 
100,000). 


I  Aiddity 
'  iaTenns 
{    ofcx. 

required 

tonea- 

traliae 

•lOOccof, 

thelVater.l 


Eemarks  u  to  Erotion. 


May  15ib,  1806  :— 
(a.)  10  C.C.  Shipley  water  in 

tent  tube  with  lead  1  x  V'. 

The  same    water  as    in 

Experiment  7(a) . 
(aK)  Same  as  (a). 
(b.)  Same  as    Experiment 

7(6). 
(6M  Samess  (ft). 


NoTember  28th.  1894  :— 

(a.)  10c4:.M(Msley  waterin 
test  tube  with  lead  1  x  V. 
The  same  water  as  in 
Experiment  8(a),  Table 
CVllI. 

(b.)  Same  as  (a). 

(c.)  Same  as  (a),  but  the 
water  flrst  Altered  through 
limestone.  The  same 
water  as  in  Experiment 
8(6).  Table  CVinT 

Id,)  Same  as  (c). 

(0.)  Same  as  (c),  but  a 
neutralising  quantity  of 
NaaCOg  added  to  the  water. 
4,0.,  as  much  Nas(X)s  was 
added  as  was  necessary 
to  neutralise  untreated 
Moesley  water. 

(/.)  Same  as  (e). 


Total 
LeadSidt 
(Parte  per 
100,000). 


8-5        ,      0-30 


I 
4-2         Neutral 


May  16th.    Lead  renewed 

in  (a»).  (61). 

May  17lh.  Action  now 
commencing  in  (aO*(6M . 

May  20th.  Action  in  (a)* 
(a}) ;  very  slight  action 
in  (6),  and  distinct 
action  in  (6*).  and 
greater  than  in  case  of 
(aM.  Amount  of  lead 
estimated. 

November  29th  and  80th. 
Lead  renewed  in  (6), 
(d),  (/). 

January  12th,  1895.  No 
action  visible  in  (a),  (c), 
ie).  Slight  action  in 
(/),  very  great  action 
in  (6).  (d),  especially 
the  former.  Amount  of 
lead  estimated. 


(a.)    4-0 


(ai.) 
(6.) 


6-0 
2-0 


(6».)   8-0 


(a.)    0-5 


(6.)  80-0 
(c.)     0-ft 


id)  40-0 
(e.)     0-5 


if.)     6-0 


In  Experimeiit  1,  filtration  through  chalk  did  not,  as  regards  inhibi- 
tion of  erosion,  produce  a  satisfactory  result.  In  Experiment  2,  filtration 
through  marble  reduced  the  erosive  power  of  Shipley  water,  but  failed 
to  place  it  in  a  position  remote  from  the  possession  of  erosive  ability- 
But  when  the  water,  previous  to  filtration  through  marble  was  saturated 
with  COjt  its  hardness  was  greatly  increased,  and  repeated  renewal  of 
the  lead  failed  to  induce  erosion.  Experiment  3,  as  regards  Mossley 
water,  yielded  parallel  results ;  inasmuch  as  hardening  the  water  by 
saturation  with  CO2,  and  then  filtration  through  marble,  placed  the 
treated  water  in  a  condition  remote  from  possession  of  erosive  ability. 
Experiment  4  is  of  interest  as  it  seems  to  show  that  a  water  neutralised 
by  filti*ation  through  marble,  but  still  possessing  a  tendency  to  erode 
lead,  may  be  rendered  less  liable  to  do  so  by  the  addition  of  a  minute 
amount  of  sodium  carbonate.  Jn  Experiment  6,  Shipley  water,  after 
filtration  through  Iceland  spar,  by  no  meana  lost  its  power  of  eroding 
lead.  In  Experiment  6,  however,  the  results  were  much  more  satis- 
factory. Experiments  7  and  8,  considered  together,  do  not  seem  to 
show  that  filtration  through  coke  could  be  relied  on  to  place  a  moorland 
water  (e.^.,  Shipley  water)  on  the  safe  side  as  regards  erosion.  Experi- 
ment 9  goes  to  show  that,  after  filtration  through  such  a  substance 
cas  limestone,  it  would  be  advantageous  to  supplement  the  filtration 
treatment  with  the  addition  in  small  amount  of  sodium  carbonate. 

In  the  following  table  (Table  LXI.)  the  efiects,  as  regards  erosion  of 
lead,  of  placing  acid  moorland  waters  under  various  conditions  is 
given. 
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Table  LXL 

Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  placiug  Acid 
Moorland  Waters  under  the  various  conditions  specified  in  tlie 
Table. 

[Bright  sheet  lead  was  used,  and  the  pieces  (1  x  |")  completely 
snbiTierged.] 


Description  of  the  Experiment. 


October  23rd,  J8M.— 
(a.)  10  cc.  Shipley  vater  in  test  tube  with 

leadlxi". 
(6.)  Same  as  (a) +0*1  per  oent.' 

Settle  water  (a  hard  hmestone 

water), 
(e.)  Same  as  (a) +1*0  percent.  Cf. 

Settle  water  (a  hard  limestone  >      Table 

water).  XCIX. 

(d.)  same  as  (a) +10*0  per  cent. 

Settle  water  (a  bard  limestone 

water). 

October  26tb,18Mr- 

(oj  10  CO.  Graineliffe  stream  water  (Sliipley 
Waterworks)  in  test  tube  with  lead  1  x  f '. 

(6.)  Same  as  (a),  but  the  water  first  heated  to 
100°  C.  for  quarter  of  an  hour,  and  then 
allowed  to  cool  and  re-absorb  oxygen. 

((?.)  10  acBlaokdyke  stream  (Shipley  Water- 
works) in  test  tube  with  lesd  1  x  \\ 

(d.)  Same  as  (e),  but  the  water  first  heated  to 
lOOP  C.  for  quarter  of  an  hour,  and  then 
allowed  to  cool  and  re-absorb  ozyKen. 


October  SOtb.  1894:— 

(a.)  10  cc.  Shipley  water  in  test  tube  with 
leadlxl". 

(d.)  60  cc.  Shipley  water  eTaporated  to  dr}*- 
ness  in  platinum  crucible  and  residue  dis- 
solved in  50  cc  distilled  water  (distillate  of 
Shipley  water).  10  cc  in  test  tube  with 
leadlxV. 

(c)  Some  us  (5).  but  residue  iffnited. 


NoTember  Uth,  1894 :~ 

(a.)  10  cc.  Shipley  wat<>r  iu  test  tubo  with 
leadlxr. 

(ai.)  Same  as  (a). 

(6.)  10  cc.  Shipley  water  in  test  tube  with 
coated  lead  1  x  V'  (the  coating  was  obtained 
by  leaving  bright  sheet  lead  in  contact  with 
Settle  water,  a  hard  limestone  water,  over- 
night, and  then  washing  with  distilled 
water  and  allowing  to  dry).  ty.Table  XLIII, 
(61.)  Same  as  (6). 

(c)  Same  as  (a )r  but  the  water  first  boated  t3 
10(P  C.  for  a  quarter  of  an  hour  and  then 
allowed  to  cool  and  re-absorb  oxygen. 

(ci.)  Same  as  (c). 


Jannaiy  30th,  1896  :— 

(a.)  10  cc  Shipley  water  in  test  tube  with 
lead  1x1".  The  same  water  as  in  Experi- 
ment 9  (a).  Table  LXXXV. 

(6.)  Same  as  (a),  but  air  aspirated  through 
the  water  for  half  an  hour.  The  same  water 
as  in  Experiment  9  (5),  Table  LXXXV. 

<c)  100  cc.  of  same  water  as  in  (a)  evaporated 
to  dryness  in  platinum  crucible  and  residue 
dissolved  in  100  o.c  distilled  water  (distil- 
late of  Shipley  water).  10  cc  in  test  tube 
with  lead  IxV'. 

(d.)  Sameaa  (e),but  residue  ignited. 


£     98614. 


Bemarks  as  to  Erosion. 


Total 
TitsdSalt 
(Parts  per 
100,000). 


October  27th.  Action  in 
(a),  (6),  (e) ;  no  action 
apparent  in  (d).  Lead 
removed,  acid  added  to 
contents  of  tubes,  and 
amount  of  lead  estimated. 


November  5th.  Action  in 
(a),  (6).  (c),  (d).  Lead 
removed,  acid  addod  to 
contents  of  tubes,  and 
amount  of  lead  esli- 
mated. 


October  31sf.  Aciiim  dis- 
tinct in  (6).  (r). 

Xoveinbcr  5tli.  Action  in 
(a),  but  greater  action 
in(6).(r). 

November  8th.  Distinct 
action  in  (a) ;  eiioi'mous 
action  in  (^),  (r). 
Amount  of  lead  esti- 
mated. 


December  1st.  Lead  re- 
newed in  (a»),  (c>). 

By  Jsnuar^  6th,  1896,  dis- 
tinct action  iu  (a), 
slight  action  in  (6),  (&>), 
(r).  enormous  action  in 
W)%  (c').  Amount  of 
lead  estimated. 


February  4tli,  1895.  Dis- 
tinct action  in  (a),  (6) ; 
veiy  great  action  in  (<r), 
(d).  Amount  of  lotid 
estimated. 


(a.)  6-6 

(6.)  9-9 

(c)  9-9 

(J.)  Trace 

(a.)  4-0 

(6.)  10-0 

(<!.)  26*0 

(d.)  lO'O 


(a.) 
(6.) 


10-0 
80-0 


(r.) 

SCO 

(a.) 

10-0 

(a'.)  100*0 

(6.) 
6^) 
(c) 

20 
20 
40 

(c».)  80-0 

(<».) 

7-5 

(6.) 

75 

(*-.) 

su-0 

(rf.) 

40-0 

H 
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EzperimoQt  1  seems  to  show  that,  up  to  a  certain  point,  the  addition 
of  a  hard  limestone  water  to  Shiplej  water  tends>,  if  an  jthing,  to  increase 
die  erosive  power ;  but  the  addition  of  10  or  more  per  cent,  hard  water 
practically  altogether  prevents  erosion.  Experiment  2  and  Experi- 
ment 4  (c)f  (c^)  show  that  heating  to  100°  C.  acid  moorland  waters 
possessed  of  erosive  ability  does  not  remove  their  erosive  power. 
Experiment  3  and  Experiment  5  (c),  (<f),  show  that  evaporating  an  acid 
erosive  water  to  drjnes?,  and  dissolving  the  residue  with  or  without 
previous  ignition  in  its  own  distillate,  not  only  fails  to  inhibit,  but 
greatly  increases  the  initial  erosive  action  of  the  water.  Experiment 
4  {b),  (b^)  seems  to  show  that  the  use  of  coated  lead  need  not  necessarily 
foe  a  complete  safeguaixl  from  erosion  by  an  acid  moorland  water. 
Experiment  5  (b)  shows  that  complete  aeration  of  an  acid  erosive 
.moorland  water  does  not  modify  appreciably  its  erosive  power. 

Summary  (under  Section  I.  (c)). 

In  a  summary  of  the  foregoing  results  I  would  specially  note  the 
'following  points : — 

(1.)  It  is  important  to  note  that  acid  moorland  waters  frequently  erode 
bright  lead,  and  that  the  more  acid  the  waters  are,  the  greater 
is  apt  to  be  their  power  to  erode  lead.  Erosion  does  not 
seem  to  occur  almost  immediately,  us  in  the  case  with  distilled 
water,  but  only  slowly;  the  lead  not  uncommonly  acquires 
an  imperfect  coat,  which  later  tends  to  fall  a\vay  in  patches, 
leaving  the  surface  of  the  metal  exposed  to  the  erosive  action 
of  the  water. 

^2.)  Moorland  waters  that  are  neutral,  or  only  feebly  acid,  usually 
display  little  or  no  actually  appreciable  erosive  power;  but 
that  they  are  often  near  the  possession  of  erosive  ability  may 
be  pro\cd  by  renewing  the  lead  one  or  more  times,  and  thus,  • 
by  exhausting  their  feeble  **  plumbo-protective "  properties, 
induce  in  them  a  vigorous  erosive  action. 

(3.)  **  Treatment "  of  the  water,  whether  at  the  waterworks  or  in  the 
laboratory,  is  seldom  entirely  satisfactory;  because,  although 
"treatment"  frequently  inhibit?,  or  even  prevents,  appreciable 
erosion  from  taking  place,  it  nevertheless  leaves  the  water  in 
a  condition  bordering  on  the  possession  of  conspicuous  erosive 
ability.  Sometimes,  indeed,  the  "  treatment "  seems  actually 
to  render  the  water  more  liable  to  erode  lead.  But  treatment 
with  sodium  carbonate,  whether  in  connection  with  a  water- 
works {e.g.^  Wakefield  Waterworks)  or  in  the  laboratory,  if 
carried  out  in  such  a  way  as  to  leave  traces  of  the  salt  in  the 
water  (e.e.,  in  slight  excess  of  exact  neutralisation),  appears  to 
place  the  treated  water  in  a  condition  remote  from  the  pos- 
session of  erosive  ability.  The  experiments  seem  to  indicate 
that  in  practice  it  might  be  cheaper  to  resort  to  a  preli- 
minary treatment,  e.g.y  (a)  lime,  or  {b)  combined  lime 
and  sand  filtration,  or  (c)  saiul  and  limestone  filtration, 
so  as  to  correct  the  acidity,  plum  bo-sol  vent  ability,  and  gross 
erosive  power.  Then  to  supplement  such  preliminary  **  treat- 
n)ent"  by  final  addition  of  sodium  carbonate  in  minute 
amount;  ami  thus,  by  endowing  it  with  a  reserve  of 
a  "  plumbo-protective "  substance,  to  place  the  water  in  a 
condition  remote  from  the  possession  of  erosive  ability. 
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(4.)  There  woald  seem  to  be  this  difference  between  ^Vosion  and 
plumbo-solyencj  :  namelj,  that  any  treatment  of  a  neutralising 
port,,  even. if  imperfectly  carried  out,  always  reduces  the  danger 
from  ah   acid  moorland  water  as  regards  plumbo-solvency ; 
whereas,  as  regards  erosive  ability  treatment  of  an  imperfect 
kind  may  produce  no  appreciable  inhibition  of  erosion,  and, 
if  laboratory  experiments  are  to  be  relied  on,  may  even  in 
certain  cases  render  the  partially  treated  water  more  prone 
than  before  to  erode  lead  in  vigorous  fashion.     Treatment  of 
any  kind,  l>e  it  noted,  must  alter  the  chemical  composition 
of  a  water,  and  if  accompanied  by  filtration,  will  remove  the 
suspended  matters,  and  therefore  tend,  either  in  a  good  or  bad 
direction,  to  modify  the  kind  of  protective  coat  the  treated 
water  yields  to  lead.     This  docs   not  of  course  imply  any 
expression  of  doubt  as  to  the  wisdom  of  treating  acid  moor- 
land  waters.     It  is  imperative  to   correct  the  acidity,  and 
thereby  the  plumbo-solvent  ability  of  moorland  waters,  since 
it  is  in  this  direction   that  manifest   danger   lies.     In  most 
cases  there  is  a  probability  that  such  treatment  will  inhibit  or 
prevent  erosion  as  well ;  but  treatment  to  ensure  this  object 
should  be  thorough,  and  also  should  be  of  such  a  character  as 
to   place  the  treated  water  in   a  ccoidition  remote  from  the 
possession  of  ei*08ive  ability. 

(5.)  Such  moorland  spring  waters  aa  were  tested,  and,  but  to  a  k$|i 
extent,  the  moorland  waters  in  which  spring  in  addition,  .to 
peaty  water  was  present,  were  commonly  free  from  erosive 
power,  and  also  possessed  not  uncommonly  what  may  be 
termed  a  reserve  of  "  plumbo-protective  "  ability. 

^6.)  As  regards  the  numerous  expei'iments  relating  to  erosion  carried 
out  under  laboratory  and  artificial  conditions,  the  greatest 
ditliculty  is  experienced  in  drawing  conclusions,  as  each  table 
and  ofleii  each  individual  experiment  needs  to  be  studied 
alone.  Storing  acid  moorland  waters  for  long  periods  in 
partially  filled  and  unstoppered  bottles  and  the  concentration 
of  an  acid  moorland  water  by  boiling  did  not  prevent  erosion 
from  taking  place.  The  use  of  alloys  of  lead  and  tin  and 
*^  coated  "  lead  were  not  altogether  satisfactory  as  regards  the 
prevention  of  erosion.  Sodium  carbonate,  especially  if  present 
in  excess  of  the  amount  required  exactly  to  neutralise  the 
water,  proved  to  be  roost  efficacious  in  not  only  preventing 
erosion  from  taking  place,  but  placing  the  water  in  a  position 
remote  from  erosive  ability.  Lime  water  appeared  to  be  less 
efficacious  in  the  latter  respect.  The  addition  of -calcium 
bicarbonate,  either  in  the  form  of  artificially  prepared  calcium 
bicarbonate  water,  or  as  a  natural  limestone  water,  or  by 
filtering  water  previously  saturated  with  carbonic  acid<  through 
marble,  was  usually  satisfactory,  provided  a  sufficient  amount 
of  the  substance  was  present  in  the  water.  A  series,  of 
experiment;},  in  which  acid  moorland  waters  were  filtered 
through  limestone,  polarite,  asbetos,  sand,  fiint,  and  marble, 
seemed  to  show  that  polarite,  asbestos,  sand  (river  sand,  sand- 
stone sand,  and  *'  HCl  treated  "  sea  sand),  and  flint,  and,  to  a 
less  degree,  limestone,  sea  sand  (untreated),  and  marble,,  were  not 
altogether  satisfactory,  since  either  erosion  was  inhibited  and 
not  prevented,  or  the  water  was  left  in  a  condition  not  remote 
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from  tbe  possession  of  erosive  ability.  Nevertheless,  in  some 
of  tbe  experiuients,  cspeciall}'  those  with  the  sea  sand,  the 
results  were  good.  Shaking  acid  moorland  waters  with  silicm 
(SiOj)  did  not  place  them  in  a  safe  condition  as  regards 
ability  to  erode  lead.  Calcium  and  sodium  phosphates  had  an 
inhibitory  action  ;  but  sulphates  and  chlorides  did  not  prevent 
erosion  from  taking  place;  nitrites  and  nitrates  (especiallj 
ammonium  nitrate)  increased  the  power  of  the  waters  tested  to 
erode  lead.  A  series  of  experiments,  in  which  the  acid  moor- 
land waters  were  shaken  with  limeetono,  chalk,  Iceland  Spar, 
marble,  ])olarite  and  flint,  showed  that  polar ite  and  flint  were 
unreliable  for  the  purpose  of  inhibiting  erosion,  but  that  the 
rest  of  the  above-named  substances  not  only  inhibited  erosion, 
but  usually  placed  the  wpters  in  a  position  remote  from  erosive 
ability.  Evaporating  an  acid  moorland  water  to  dryness  and 
dissolving  the  residue  (with  or  without  ignition)  in  its  own 
distillate  gave  a  liquid  possessed  of  greater  power  to  erode  lead 
than  the  moorland  water  itself. 


{d,) — Natural  Waters  other  than  Rain  or  Moorland  Waters. 

It  has  already  been  shown  that  the  addition  of  a  *'  hard  "  water  to 
distilled  waters,  or  to  acid  moorland  waters,  removes  from  them  ability 
to  dissolve  or  to  erode*  lead.  How  remote  from  the  possession  of  erosive 
property  a  ''hard"  water  may  be  is  shown  in  the  following  table 
(Table  LXII.)  :— 

Table  LXII. 

Showing  the  Action,  as  regards  Erosion  of  Lead,  of  Settle  Water 
(a  very  hard  "  Limestone  "  water)  upon  Lkad.  Compare  with 
Table  XCIX. 


No. 


Description  of  the  Experiment. 


Reaction. 


Remarks. 


10  cc  Settle  water  (a  hard  limestone  water)  in 
test  tube  with  lead  1  x  \",    August  20th,  18M. 


10  O.C.  Settle  water  (a  hard  limestone  water)  in 

test  tube  with  lead  1  x  \".    Ann^iBt  20th,  1894. 

Aug.  2l8t.    A  ft^esh  pieoe  of  lead  put  in  tube 

in  place  of  the  old. 
M   S2nd.  A  ftvsh  pieoe  of  lead  put  in  tube 

in  place  of  the  old. 
„   iSrd.    A  fresh  piece  of  lead  put  in  tube 

in  plaoe  of  the  old. 
,.    24th.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 
„    25th.    h  fresh  piece  of  lead  put  in  tube 

in  plaoe  of  the  old. 
»,    26th.    A  fresh  piece  of  lead  put  in  tube 

:n  place  of  the  old. 
„    271 U.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 
M    28th.    i  f^h  piece  of  lead  put  in  tube 

in  plaoe  of  the  old. 
M   29th.    A  fresh  pieoe  of  lead  put  in  tube 

in  place  of  the  old. 
.,   SOth.    A  fresh  piece  of  lead  put  in  tube 

in  plaoe  of  the  old. 


Neutral 

(with 

strong  acid 

neutralising 

ability) 


Oct.  4th,  1894.  No  action^ 
the  lead  being  coated  with 
a  bluish  white,  firmly 
adherent  film. 

Oct.  4ih,  18M.  StUl  no 
action  visible.  notwith> 
standing  the  daily  renewal 
of  the  lead.  Bach  new 
pieoe  of  lead  that  was  put 
in  became  coated  with 
a  bluish  white,  firmly 
adherent  film. 
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Na 

Beccription  of  the  Experiment. 

Reaction. 

Bemarks. 

eomt. 

Auff.  SUt.    A  flneeh  piece  of  letd  pnt  in  tube 

1 

1 

in  place  of  the  old. 

Sept.  Ut.   A  fresh  piece  of  lead  pnt  in  tube 

in  place  of  the  old 

„     tad.    A  fh»h  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«      3rd.    A  fkwh  piece  of  lead  put  in  tube. 

in  place  of  the  old. 

«     4th.    A  flreeh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«     6th.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

,.     6tb.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

..     7th.    A  fWMh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

,.     8th.    A  f^sh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

,.     9th.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

..    10th.    A  f>e6h  piece  of  lead  put  in  tube 

in  place  of  the  old. 

..   nth.    A  fresh  piece  of  lead  put  in  tube 

• 

in  place  of  the  old. 

»   12th.    A  fresh  piece  of  lead  put  in  tube 

inphuwoftheold. 

^   18th.    A  freah  piece  of  lead  put  in  tube 

in  place  of  the  old. 

„   14th.   A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

„    16th.   A  f^h  piece  of  lead  put  in  tube 

in  place  of  the  old. 

„    16th.    A  f^esh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

„    17th.    A  fresh  piece  of  lead  put  in  tube 

inphuseofthedd. 

„    18th.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

,,    19th.    A  Aresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«    2I»th.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

-—  — , 

^ 

«    net.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

.,  CSnd.    Afresh  piece  of  lead  put  in  tube 

inphuseoftheold. 

^   sard.   A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«    S«th.    Atreahpieoeof  lead  put  in  tube 

in  place  of  the  old. 

,.   S6th.    A  fkesh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

»   96th.   A  fk«sh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

^   t7th.    A  freah  piece  of  lead  put  in  tube 

inpbu»oftheold. 

«   I8tb.    Afrvabpieceof  lead  put  in  tube 

in  place  of  the  old. 

..   S9th.    A  f^sh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«   80th.    A  fresh  piece  of  lea«l  put  in  tube 

in  place  of  the  old. 

Oct.     Ist.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

«     2nd.    A  fresh  piece  of  lead  put  in  tube 

in  place  of  the  old. 

„     8rd.    A  fresh  piece  of  lead  put  in  tube 

1 

in  place  of  the  old. 

i 
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Summary  (under  Section  I.  (<f)). 

It-will  be  seen  from  the  foregoing  table  that^  in  the  case  of  Settle  water, 
the  renewal  o!  the  lead  once  daily  on  44  Buccessive  days  failed  to  induce 
any  erosioD,  each  fresh  piece  of  bright  lead  up  to  end  of  the  experiment 
becoming  and  remaining  coated  with  a  bluish-white  firmly  adherent 
film.  Judging  from  tlie  results  of  the  experiments  described  in  previous 
tables,  it  would  seem  that  to  induce  Settle  water  to  erode  lead  it  must 
needs  be  diluted  at  least  nine  times  with  a  distilled  water  or  an  acid 
moorland  water.  Incidentally,  it  may  be  added  that  a  water  of  this 
class,  when  mixed  with  an  acid  plumbo-solvent  moorland  water,  dis- 
plays a  conspicuous  power  of  neutralising  the  acidity  and  removiner  the 
pi  umbo- solvent  ability  of  the  moorland  water  mixed  with  it.  Not- 
withstanding this  corrective  property,  it  is  by  no  means  inconceivable^ 
paradoxical  as  it  may  seem,  that  a  haid  limestone  water  might  yet  by 
itself,  if  it  contained  carbonic  acid  in  excess  of  the  amount  necessary 
to  keep  the  lime  in  solution,  act  feebly  on  lead. 
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SECTION  XL— PLUMBO-SOLVENCY. 

In  illnstration  of  the  scope  and  nature  of  the  work  carried  out  under 
this  heading,  it  is  of  advantage  to  quote  from  Mr.  Power's  repwt*  a» 
follows : — 

.^  Among  the  earliest  of  his  procedures^  after  taking  charge  of  the 
laboratorj  at  Settle,  Dr.  Houston  set  to  work  to  test,  and  hm  since 
from  time  to  time  continued  to  test,  the  characters  exhibited  by  a 
number  of  waters  from  different  moors,  in  reference  to  the  facts  that  had 
been  observed  at  Bummoor. 

^  Tbo  Bummoor  experiments,  it  will  be  remi^mbered,  indicated  that 
abilitj  of  a  water  to  dissolve  lead  is  closely  associated  with  acid  reaction 
of  the  watei',  but  with  no  other  condition  to  which  such  water  i» 
subject.  In  this  way  a  considerable  number  of  separate  waters,  all  of 
them  Cif  moorland  origin,  have  been  compared  with  each  other  and  with 
the  Bummoor  standard.  And,  as  a  result,  waters  of  this  class  differed 
conspicuously  in  one  other  particular  only,  namely,  as  regards  acidity. 
Those  that  dissolved  lead  were  observed  to  possess  an  alkali-neutralising 
property ;  whereas  those  that  did,  not  dissolve  lead  were  observed  to 
possedB  an  acid-neutralising  property.  There  was  no  exception  to  this 
rule ;  whatever  the  direct  source  of  the  sample,  whether  from  stagnant 
peat  pool,  from  spring  or  gathering  ground,  from  feeder  to  moorland 
reservoir,  from  service  reservoir,  or  from  town  tap,  this  distinction  was 
always  maintained.  And,  further,  not  only  was  there  indication  of 
association  of  acidity  and  lead  -  dissolving  pi'operty,  but  there  wa» 
indication  also  of  close  relation  between  amount  of  acidity  and  vigour 
of  solvent  action  on  lead.  Direct  parallelism  of  amount  of  acidity  and 
vigour  of  lead-dissolving  power  was  not,  however,  always  found  in 
regard  of  the  same  water  when  tested  in  these  respects  at  different 
times  ;  and  different  waters  of  equal  acidity  did  not  necessarily  possess 
equal  power  of  dissolving  lead.  Each  water,  indeed,  appealed  to^ 
possess  its  own  standard  of  relation  of  lead-dissolving  property  to 
'  acidity ;  and  as  the  one  quality  varied  naturally,  or  was  artificially  made 
to  vary,  so  did  the  other,  though  not  necessarily  in  direct  proportion." 

In  illustration  of  the  close  association  of  lead-dissolving  property^ 
and  acidity  under  artificially  contrived  conditions,  certain  laboratory^ 
experiments  by  Dr.  Houston  may  be  here  cited  : — 

"  Distilled  water  having  ability  to  dissolve  load  and  possessing  also^ 
alkali-neutralising  property,  lost,  on  boiling,  both  properties.  So,  too, 
many  moorland  waters  lost,  when  boiled,  much  of  their  lead-dissolving 
property  and  of  their  acidity.  But  certain  moorland  waters  not  only 
retained  both  properties  after  boiling,  .but  manifested  them  in  higher 
degree  than  before,  to  an  extent  indeed  roughly  corresponding  to  their 
concentration. 

"  Distilled  water  having  ability  to  dissolve  lead  and  ]>068essing  also 
alkali-Jieutralising  property,  lost,  when  aerated,  both  properties.  So, 
too,  many  moorland  waters  lost  when  thus  dealt  with  some  of  their 
ability  to  dissolve  lead,  and  lost  also  some  of  their  acidity.  But  other 
moorland  ivaters  were  not  influenced  in  either  respect  by  this  process. 

<  ^*  Distilled  water  having  ability  to  dissolve  lead  and  possessing  alsa 
^alkaU-^neotralising  property,  lost,  when  stored  in  bottles  partially  filled 
and  not  stoppered,*  much  of  its  ability  to  dissolve  lead,  and  ino  ka 
ptoperty:  of  neutralising  alkali.  S09  too,  many  moorland  waters 
aimiUurly  dealt  with  lost  much  of  their  ability  to  dissoh^e  lead  and  muob 

*  Repoil  of  the  Medical  Officer,  Local  GoTeninient  Board.  Lead  PoisoDiag  b> 
Moorland  Wat^n.  Page  841.    By  W.  H.  Power,  F.B.S. 
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of  their  acidity.     Other  moorland  waters,  however,  were  hardly  affected 
in  either  respect." 

The  following   are  details    of    experiments   bearing  on   the   above 
subjecta : — 

(a.)  Rain  and  Snow  Water, 

In  illastration  of  the  qualities  of  rain  and  snow  water,  as  regards 
reaction  and  plumbo-solvency,  Table  LXIII.  may  here  be  considered. 

Table  LXIII. 

Showing  the  Plumbo-solvent  Ability  of  Bain  and  Snow  Water. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 

washed  shot  filtered  at  the  uniform  rate  of  3  minutes  per  50  cc] 


Description  of 
Experiment. 

Beaction. 

Act 

l8t 

60  cc. 

ion  on  Ja 

2nrl 
60  cc. 

aad  (Results  expressed  as 
perlCO,000). 

Parts 

No. 

2lrd 
60  cc. 

4th 
60  cc 

5th 

60  cc 

Average. 

August  SitL  1894.  Sain- 
water  collected  from 
roof. 

Neutral 

«•. 

00 

0-. 

00 

0*0 

00 

August  6th,  18M.  Bun- 
water  collected  from 
roof. 

Neutral 

0-0 

0-0 

0-0 

0-0 

0-0 

0-0 

August  8tb.  ISM.  Bain. 
water  collected  from 
roof. 

Neutral 

••0 

00 

00 

0-0 

0» 

00 

January     14th.     189S. 
Melted  snow. 

Neutral 

0-0 

00 

0-0 

0-0 

0-0 

00 

January     28th.     1896. 
Melted  snow. 

Neutral 

00 

0-0 

00 

0-0 

O'O 

0-0 

Summary  (under  Section  II.  (a)). 
It  will  be  seen  that  the  rain  and  melted  snow  water  was  neutral  in 
reaction,  and  was  also  free  from  plumbo-solvent  ability.  It  will  be 
remembered,  however,  that  in  discussing,  in  a  previous  section  of  this 
report,  the  question  of  erosion,  aii  regards  rain-water,  it  was  pointed  oat 
that  some  samples  of  rain-water  collected  on  high  gathering  grounds  in 
the  neighbourhood  of  manufacturing  districts  might  give  a  faiut  acid 
reaction,  and  bo  possessed  not  only  of  erosive  power  but  also  of 
appreciable  plumbo-solvent  ability.  In  illustration  of  this  circumstance, 
l)ut  more  particularly  of  erosive  ability,  a  table  (Table  II.)  was  given  to 
which  attention  must  again  be  drawn.  Speaking  in  general  terms  it 
may  be  said  that  the  results  showed  that  rain-water  collected  in  the 
above  situations  might  yield  an  acid  reaction  and  dissolve  lead  to  a  slight 
extent.  At  the  risk  of  repetition  it  must  be  pointed  out  that  such 
meagre  acidity  and  correspondingly  Flight  plumbo-solvency  is  in  no 
sense  a  sufficient  explanation  of  the  antecedent  cause  of  the  acidity  and 
plumbo-solvency  of  moorland  waters  in  general 

(6.)  Distilled  Waters, 

Allusion  has  been  already  made  to  the  general  character  of  the  distilled 
waters  (referred  to  as  X,  XX,  XXX)  as  regards  reaction,  power  of 
4u:oding  bright  lead,  and  plumbo-solvent  ability  («ee  Table  III.).  The 
question  of  erosion  has  been  fully  considered,  but  so  far  only  passing 
reference  has  been  made  to  plumbo-solvency. 

The  following  table  (Table  LXIY.)  shows  the  reaction  and  plumbo- 
flolvent  ability  of  twenty-two  separate  samples  of  distilled  water 
obtained  by  the  distillation  of  Settle  water  (''  hard  "  limestone  water). 
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Table  LXIV. 


ShowiDg  the  Plumbo-solvknt  Ability  of  Distilled  Water 
(X,  XX,  XXX). 

[The  fiction  on  lead  was  tested  hj  upward  filtration  through  50  c.c. 

washed  shot.] 


II. 

a. 
b. 

«. 
IIL 

0. 

6. 
e. 

IV. 

a. 

6. 
c, 
V. 

A. 

6. 

e. 

▼I. 

A. 

A. 
e. 

▼IL 

a. 

h. 

VIII. 

a» 

IX. 


6. 

#. 
XI. 

4. 


DsMriptioo  of  the 

Bunple  of  Water  used 

for  DistiUation 

purpoMW. 


,       Action  on  Lead  (Results  stated  as 
I  Parts  per  100,000). 

Reaction' 

with 


Lacmoid. 


1st. 
160  cc. 


2od. 
50  cc. 


Srd. 
60  CO. 


Settle  water,  distillate  X 

Settle  water,  distillate  X 
„  XX 
„  XXX 

SetUe  water,  distillate  X 
,  XX 
H  XXX 

Settle  water,  distillate  X 
..  XX 
..  XXX 

Settle  water,  distillate  X 
..  XX 
„  XXX 

SetUe  water,  distillate  X 

H  XXX 

Settle  water,  distillate  X 
.      XX 

Benfham  water,  distillate 
X 

Bentham  water,  distillate 
X 

Settle  water,  distillate  X 

M  «.       XX 


Acid     - 

Slightly 
acid. 

Acid     . 


Neutral 


Acid 


Faintly 
acid. 

Acid     . 

Slightly 

acid. 
Neutral 


Acid 


Neutral 


Acid 


Very 
faintly 
acid. 

Acid     . 

Slightly 
acid. 

Acid     - 


I 


^cid. 
XXX    Trace 


SetUe  irater.  distillate  X 
M  XX 
M   XXX 


Acid    •  I 

Sliahtly 
Ac" " 


I 


Acid     - 

Sliffhtly 

Acid.    I 
Trac?    -  '    0*0 

I 


0-4 
0-2 

0*4 

0-2 
00 

0-2 
0-1 
00 

0-2 
00 
0*0 

0*9 
0*0 
0*0 

0*4 
00 
0-0 

0-2 
0*0 

0-0 

0-0 

0*4 
0*1 
0*1 

0*4 
0*1 


0-6 
0*4 

10 
0*9 
0*0 

0-7 
0-2 
0*0 

0-8 
0*2 
0-0 

1-4 
0*0 
00 

1*0 
0*2 
0*0 

0-8 
0*2 

0*2 

0-0 

0*7 
0*1 
0*0 

0*6 
01 

0-0 


4th. 
60  cc. 


0-8 
0*4 

0*8 
0*7 
0*0 

0-7 
0*6 
0*0 

0*9 
0*4 
0*0 

1-4 
0-6 
00 

1-0 
0-6 
00 

1*0 
0-4 

0-4 

0-2 

0*7 
0*2 
0*0 

0-6 
0-2 
0-0 


0*8 
0-4 

0*7 
0-8 
00 

0-8 
0*6 
0*0 

0-8 
0*4 
00 

1-4 
0-8 
0*0 


S 

4 

4 

8 
0*4 
0-0 

0-7 
0-2 
0-05 


6th, 
60  cc. 


0*8 
0*4 

0*6 
0*8 
00 

0-6 
0-6 
0-0 

0-8 
0*4 
0*0 

1-2 
0-6 

0*0 

0*8 
0-6 
0-0 

0-8 
0-S 

0*4 

0*4 

0*8 
0-4 
0*1 

0-8 
0-2 
0-1 


Avenge. 


0*68 
0*36 

0-70 
0-68 
0-00 

0*60 
0-42 
0*00 

0*70 
0*28 
0*00 

1*26 
0-40 
000 

0*80 
0*36 
O'OO 

0-72 
0-24 

0-28 

0-20 

0*68 
0-24 
0*04 

0*60 

0-ia 

0*03 


Averafite 
Duration 

of 

Bzperi- 

mentin 

Minutes 

per60o.c. 
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Table  LXIV — continued. 


a 

Sample  of  Water  used 
,       f&DijitiUation 
purposes. 

III 

Action  on  Lead  (Eesults  stated  as 
Parts  per  100.000). 

Average 

Duration 

of 

Ist 
Mcc. 

2nd 
50  cc. 

8rd  •  4tli 
50  cc.  50  cc 

1 

6th 
50  cc. 

Average. 
0*66 

Experi- 

nlmtin 
Minutes. 
perSOcc 

XII. 
a. 

Settle  water,  distillate  X 

Add     - 

0-2 

0*6 

0*8 

0*8 

0*9 

.  3 

c. 

n       XX 
„  XXX 

Slightly 

acid. 
Neutral 

0-0 
0-0 

01 
0-0 

0-1 
0-0 

0-1 
0-0 

0'2 
0*0 

0-10 
000 

3 

XIII. 
a. 

Acid     . 

0-3 

0-5 

0-6 

0-6 

0*8 

0*6» 

b. 

-      XX 

tt       " 

0-0 

0-1 

0*3 

0-4 

0-3 

0*82 

c. 

,.  XXX 

Trace  - 

0-0 

0-0 

00 

01 

0*1 

0*04 

XIV. 
a. 

Settle  water*  distillate  X 

Add     - 

0-6 

0-7 

0*7 

0*8 

0-8 

0*70 

b. 

«      XX 

Slightly 
Trace  - 

0-1 

0-2 

0-2 

0-2 

0-4 

0-22 

e. 

>,   XXX 

0-0 

0*0 

0-0 

0*1 

01 

004 

XV. 

a. 

Settle  water,  distillate  X 

Add     - 

0-7 

1-0 

10 

1-0 

10 

0*M 

b. 

.      XX 

»» 

0-f 

0*5 

0-6 

0*6 

0*7 

0*60 

0, 

-   XXX 

Slightly 
add. 

0-1 

0-1 

0-2 

0*2 

0*2 

0-16 

XVI. 

^ttle  water.  distUlateX 

Add     . 

0-6 

1-2 

1-2 

1*2 

1-2 

106 

b. 

..      XX 

w 

00 

0-4 

P*6 

0*7 

o-« 

0*46 

c. 

M   XXX 

Trace  - 

0-0 

0-0 

0-2 

0*2 

0*2 

012 

XVII. 

a. 

Settle  water.distiUateX 

Acid    - 

O'S 

0-7 

0-8 

1-0 

0*0 

0-74 

6. 

«  XXX 

Trace  - 

00 

00 

0*1 

0*2 

0*2 

0-10 

XVIII. 
a. 

fSettle  water,  distillate  X 

Add     ' 

0-8 

1-2 

1*2 

1*2 

1-8 

1-14 

b 

„   XXX 

Slightly 
add. 

0-0 

0-1 

0-1 

0*2 

0*2 

0-lt 

XIX. 

a. 

Settle  water,  distillate  X 

Acid     . 

0-6 

0*8 

08 

0-8 

1*0 

0-60 

6. 

o      XX 

SUghtly 

aSid. 
Trace  - 

01 

0-4 

0-4 

0*6 

0*6 

0*40 

e. 

,   XXX 

0-0 

0-0 

0-0 

01 

01 

004 

XX. 

a. 

Settle  water,  distillate  X 

Add    . 

0-6 

!•• 

1-1 

1*0 

1*1 

rm 

t 

6. 

.,   XXX 

Trace  - 

0-0 

00 

0*1 

0*2 

0*2 

0*10 

XXI. 

a. 

Settle  wafter.  distillate  X 

Add    . 

0-4 

0'6 

0*6 

0*6 

0*8 

0*60 

a  i 

6. 

■           n                      ,,         XX 

m-          • 

0-1 

0*2 

0-2 

0-t 

0*4 

0-24 

e. 

1        «                «   XXX 

BUghtly 
aoid. 

O'O 

0*1 

0-1 

0*2 

0*2 

0*12 

XXII. 

Add    . 

0-6 

0*8 

1-0  J 

i:o 

1-0 

•*86 

b. 

.      XX 

M 

0*4 

0-6 

0*6 

0-6 

0*6 

0*66 

«. 

M   XXX 

Trace  - 

00 

0-0 

0-06" 

t't 

O'l 

006 
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It  will  be  noted  that  X  distilled  water  was  always  distinctly  acid, 
and  possessed  of  decided  plambo-solvent  ability.  XXX  distilled  water, 
on  the  other  hand,  was  neutral,  or  only  contained  traces  of  acid,  and 
either  had  no  plumbo-solvent  ability,  or  dissolved  only  traces  of  lead. 
XX  distilled  water  occupied  an  intermediate  position,  both  as  regards 
acidity  and  degree  of  plombo-solTency. 

It  will  be  remembered  that,  in  connection  with  the  consideration  of  the 
question  of  erosion,  it  was  shown  that  a  non-erosiye  X  distilled  water 
could  by  a  variety  of  methods  be  converted  into  what  corresponded  ta 
anerodve  XXX  distilled  water.  Similarly,  it  will  now  be  shown  that  X 
distilled  water  can  be  changed  from  an  acid  plumbo-solvent  water  to  a 
neutral  water  free  from  plumbo-solvcncy,  and,  therefore,  practically  into 
an  XXX  distilled  winter. 


Table  LXV. 

Showing    the  Effect,  as  regards  Plumbosoltsncy,  of  keeping  X 
Distilled  Water  in  Partially  Filled  and  Unstoppered  Bottles. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  shot,  at  a  uniform  rate  of  3  minutes  per  60  c.c] 


BMcrtotkmof 
BzpeHment. 

Reaction. 
Acid     - 

Action  on  Lead  (Results  stated  as  Fhrts  per 
mfioo). 

1 

Ist 
60C.C. 

tnd 
60C.C. 

Srd 
80C.C. 

fth 

50C.C. 

5th 
60  ex. 

ATenge.. 

1 

DistiUedwaarX 

0£ 

0-7 

0-7 

0-8 

0-6 

0-80 

DtetiUedwaicrX,  after 
SOdaji. 

Faint 
acidity. 

00 

0-0 

01 

0-8 

0*2 

••!<► 

I>iBtined  water  X«  after 
ISOdaja. 

Neutral 

0-0 

00 

00 

0-0 

00 

0'0» 

s 

Distilled  water  XVagr 
81st,  18M. 

Add     . 

0*5 

0-7 

0*8 

1-0 

0-0 

0'74 

DiitiUed  water  X,  after 
Sdayi. 

Slightly 
5ld. 

0-1 

0*8 

0*4 

0*4 

0*6 

o-8a 

t 

Ut.1884 

Acid     . 

0-8 

1-2 

1-2 

1-8 

1-8 

.  1'54 

DisKUed  water  X,  after 
Tdajn. 

Slightly 
aeid. 

0-0 

00 

01 

0-2 

0*8 

Ol^ 

4 

DisMned  water  X.  Dec. 
14tli,1884 

Add    - 

0-8 

10 

1-8 

1-4 

1*6 

1-ia 

Distilled  water  X.after 
.    t4daijs. 

Neutral 

O'O 

00 

0*0 

0-0 

00 

©•«► 

The  abore  table  shows  that  storing,  for  some  time,  an  X  distilled 
water  in  partially  filled  and  unstoppered  bottles  has  the  effect  of 
dwDgin^  it  from  an  acid  plumbo-solvent  water  into  a  practically  neutral 
and  non-plombo-iolvent  water. 
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Table  LXVI. 

Showing  the  Effect,  as  regards  Plumbo-solvenct,  of  boiling 
X  Distilled  Water. 


Descrintion  of  the  Sample 
of  Water. 


Beaction. 


Action  on  Lead  (Results  stated  as 
Parts  ner  100.000). 
The  action  on  Lead  was  tested  by  upward 
filtration  through  60  cc.  waahed  lead 
shot. 


Ijt      2nd     3rd      4th   |  fith 
60  c.c.'60  c.c.  50  C.C.  50  c.c.  60  c.c. 

Ill 


Avenge. 


Average 
Duration 

ofBx- 

periinent 

m  Mtns. 

per 

60C.C. 


Settle  water,  distillate  X  - 


Add 


The    same    water    after  I  Neutral 
boiling.  j 


Settle  water.  distilUte  X  - 

The    same    water    after 
boiling. 


Bentham  water,  distillate 

X. 
The    same    water    after 

boilinfT. 


Settle  water,  distillate  X  - 

The    same    water    after 
boiling. 


Acid 
Neutral 

Acid 
Neutral 

Acid 
Neutral 


0-4 
0-0 


0-2 
0-0 


1-0       1*0       0-8 
0*0       00       0*0 


0-8 
00 


0*0  .    0-2 
0*0  '    O'O 


0*6 
0-0 


1-2 
0-0  ' 


1*0 
00 


0*4 
00 


1-2 
00 


0-8  I 
00  , 


0-4 
0*0 


0'8 
0-0 


0*t 
0*0 


0*4 
00 


1-2  :   1*2 

0-0      0-0 


0-80 
O'OO 


on 

0*00 


0-28 

roo 


108 
0*00 


It  will  be  noted  that  a  similar  effect  is  produced  by  boiling  X  distilled 
water. 

In  contrast  to  the  above.  Table  LXVI  I.  shows  that  if  X  distilled 
be  stored  in  completely  filled  and  btoppered  bottles  for  some  time,  it 
retains  its  acidity  and  power  of  dissolving  lead. 

Table  LXVII. 

Showing  the    Effect,   as    regards    Plumbo-solvency,    of   keeping 
X  Distilled  Water  in  Completely  Filled  ar.d  Stoppered  Bottles. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  cc. 
washed  lead  shot,  at  a  uniform  rate  of  3  minutes  per  oO  c.c] 


«i 

Deaorijytion  of  the  Sample 
of  Water. 

Reaction. 

Ac 

tion  on  I 

iead(Ro 
per  10 

Bulta  stal 
OfiW), 

EedaaParta 

•9 

1 

1st 
60  cc. 

2nd 
50  cc. 

Srd 
50  cc. 

4th 
60  cc 

6th 
60  cc 

Ayer- 
age. 

1 

Settle  water,  distillate  X, 
February  8th.  1896. 

SetUe  water,  distillate  X. 
after  20  dajs. 

Acid 

'      0-8 

0-4 
04 

0*6 
0*4 

0- 

0-4 

0-  . 

o-» 

0*98 

t 

Settle  water,  distillate  X. 

February  9th.  1898. 
Settle  water,  distillate  X, 

after  84  day  8. 

*i 

0-2 
0-2 

0*4 
0*4 

0-4 

0*5 

0*5 
0*6 

0-40 
0-4S 

Z 

SetUe  water,  distillate  X. 

February  14th.  1896. 
Settle  water,  distillate  X. 

after  26  days. 

»• 

0*6 
0*6 

0-9 
0*9 

0*9 
0*9 

0*9 
0*9 

0-84 
0*84 

4 

SeUle  water,  distillate  X. 

February  16th.  18U5. 
Settle  water,  distillate  X.  | 

after  27  days. 

0*6 
0*4 

0*7 
0*0 

0-8 
0-8 

0*8 
0*8 

0-74 
0*68 
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•    The  following  UUe  (Table  LXVTII.)  shows  the  effect,  as  regards 
plambo-solveney,  of  placing  distilled  water  under  various  conditions : — 

Table  LXVIII. 

Showing  the  Effect,  as  regards  Plum  bo-sol  venct,  of  placing 
Distilled  Wateb  under  various  Conditions. 


1 


Description  of 
Bxpenment. 


Action  on  Lead  (RoHults  stated  aa 
PnrtADor  100.000). 
The  action  on  Lead  was  tested  by  iip- 
T,^  ward    flltration     tliroagh    60  c.o. 

MU^"n.  washed  lead  shot. 


'     l8t 
.50  C.C. 


2nd 
50C.C. 


Disiilled  water,  boiled, 
cooled  rapidly,  and 
tested. 

DistiUed    water,    boiled,  ' 
cooled,  fully  aerated.       | 

Distilled  water,  boiled, 
cooled,  then  hydrofcen 
gas  passed  thronsb. 

DirtUled  water,  boiled, 
cooled,  then  carbonic 
acid  gas  passed  through. 

Distilled    water,    boiled, 
cooled,    carbonic    acid 
passed     through, 
neutralised. 

Distilled  water,  boiled, 
cooled,  carbonic  acid  gas 
pasted  through  and 
then  hydrogen  ras. 

Distilled  water,  boiled. 
cool^  carbonic  acid  gas 
passed  through  and 
then  boiled. 

Settle  water,  di^tilhlte  X 

The  same  water  after 
being  fuUy  aerated. 

Settle  water,  distillate  X 


The  same  water  after 
washed  air  passed 
through  for  half  an  hour 


Neutral 

Xeutnil 
Neutral 


Acid 

2-8 

Neutral 

0*0 

Fiuntly 
acid. 

0-0 

Neutral 

00 

Acid 

0-4 

Neutral 

00 

Acid 

0*4 

Neutral 

0-0 

0*0       0-0 
0-0  '    O'O 

j 

0*0  O'O 
2-8 
00 

0-0 

0*0 

0-6 
O'O 

0-i 
O'O 


Srd 
50  C.C. 

00 

4th 
60c.c. 

6th 
50C.C 

00 

0-0 

0-0 

0-0 

00 

00 

0-0 

00 

2-8 

2-8 

3-8 

0-0 

0-0 

00 

0-1 

11-2 

0-2 

0-0 

O'O 

00 

0-6 

0-6 

1 

0-8 

0-0 

0-0 

;.-o 

0-7 

0-6 

■    06 

0-0 

0-0 

0-0 

Average. 


O'OO 

000 
005 

2*80 

000 

0*10 

000 

0-60 
000 

0-58 
000 


Average 
duration 

of 
Experi- 
ment in 
Mins. 
per60c.c. 


Experiments  1,  2,  3,  5,  and  7  show  that  if  distilled  water  be  (a) 
boiled,  cooled  rapidly,  and  then  tested ;  (6)  boiled,  cooled  and  fuUj 
Berated;  (c)  boiled,  cooled,  then  hydrogen  gas  passed  through  it:  (d) 
boiled,  cooled,  carbonic  acid  gas  passed  through  ii  and  then  neutralised ; 
(e)  boiled,  cooled,  carbonic  gas  passed  through  it  and  then  boiled,  the 
water  in  each  case  gives  a  neutral  reaction  and  does  not  dissolve  lead  to 
any  appreciable  extent.  Practically  speaking,  the  same  holds  good  as 
regards  Experiment  6,  where  the  water  after  being  boiled  and  cooled  had 
carbonic  acid  gas  passed  through  it  and  then  hydrogen  gas  ;  but  here 
the  water  remained  faintly  acid  and  acted  appreciably  on  lei^.  In  Experi- 
meDt  4,  distilled  water  was  boiled,  cooled,  and  then  carbonic  acid  gas 
passed  through  it.  The  water  was  distinctly  acid  and  dissolved  lead  to 
t  decided  extent  In  Experiments  8  and  9,  X  distilled  water,  after 
aeration,  lost  its  acidity  and  plumbo-solvent  ability. 
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The  following  table  (Table  LIX.)  shows  the  effect,  as  regards  plumbo* 
crolvencjy  of  the  neutralisation  of  distilled  water  r— -  , . 

Table  LXIX. 

Showing  the  Effect,  as  regards  PLUMBa-sOLVENOr,  of  the 
Neutralisation  of  Distilled  Water. 


^ 

DeBCription  of  the  Sample 
of  Water. 

Eeaction. 

Action  on  Lead  (Results  stated  as 
Parts  perlOO.000). 
The  action  on  Lead  was  tested  by  upward 
flltration  through  60  c.c  washed  lead 
shot. 

AveraM 

of  Ex- 
periment 

in  Mina 

pq 

1st 
50  cc. 

2nd 
50  cc. 

8rd 
50  cc. 

4th 
50  CC 

6th 
60  cc 

Average. 

in  AlBs* 

50  CC 

1 

Settle  water,  diatillate  X  -  '     Add 

0-2 

0-8 

0-9 

0*8 

0-8 

0-70 

The     same    water    after     Neutral 
neutralising.  • 

0*0 

0-0 

0-0 

00 

O'O 

0*00 

as 

Settle  water,  distillate  X  •  '     Acid 

0'4 

1-0 

1-0 

0-8  j    0-8 

0-80 

The     same    water    after     Neutral 
neutralising. 

0-0 

00 

0-0 

00  1    0-0 

0-00 

4 

i 
Settle  water,  distillate  XX  |     Acid 

0-0 

0-2 

0-6 

0'6  1    0-6 

0-86 

The     same    water    after     Neutral 
neutralising.                    | 

00 

0-0 

0-0 

00  j    0-0 

1 

O'OO 

4 

Settle  water,  distillate  X  •  !     Acid 

0-2 

0-8 

1-0 

0-8  j    0-8 

0-72 

The     same   water   after  '  Neutral 
neutralising. 

0-0 

0-0 

0-0 

0-0  1    0-0 

i 

O'OO 

■5 

Bentham  water,  distillate  Xt     Acid 

1 

00 

0-2 

0-4 

0-4  j    0-4 

0-28 

The     same    water   after  ,  Neutral 
neutralising. 

0-0 

0-0 

1 

0-0 

0*0       0-0 

000 

« 

Settle  water,  distillate  X-  |     Acid 

OS 

0-7  1 

08 

1-0  [    0-9 

0-74 

The    same    water    after     Neutral 
neutralising. 

0-0 

0*0  1 

1 

0-0 

1 

0-0  '    0-0 

1    . 

000 

U 

Settle  water,  diatillate  X  •       Acid 

0-8  1    1-2 

1*2  1 

1-2  1    1-3 

114 

The     same    water    after     Neutral 
neutralising. 

O'O  j    00 

00 

0-0       0-0 

0-00 

«! 

Settle  water,  distillate  X  -  \     Acid 

0*4  1    OG  • 

1 
0-0 

0-lJ  ■    0-8  ' 

0*60 

b 

i 

The     same    water    after     Neutral 
neutralising.                    i 

0*0      00  1 

1           1 

0-0 

1 

00      0-0  1 

!       1 

0-00    1 

1 

^ 

The  above  table  shows  that  X  distilled  water,  after  neutralisation,  loses 
its  acidity  and  power  of  dissolving  lead. 

.  In  a  number  of  the  tables  dealing  with  the  plumbo-solvencj  under 
<iiffereut  conditions  of  moorland  waters,  experiments  with  distilled 
water  are  also  included,  but  these  need  not  be  considered  here. 

Summary  (under  Section  II.  (6)). 

Ia  a  summary  of  the  foregoing  all  .that  need  be  said  is ,  that 
distilled  water  which  gives  a  neutral  reaction  has  little  or  no  plumbo* 
Bolvent  ability.    Acid  distilled  water,  however,  has  a  decided  solvent 
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adion  oa  lead.  X  distilled  water,  which  is  acid  atid  dissolves  lead,  loses 
both  these  -properties  if  placed  under  certain  varied  conditions,  e,g.^ 
boilii^,  aeration,  neutralisation,  storing  in  partially  filled  and  unstoppered 
bottles,  ftc. 

(c.)  Moorland  Waters. 

The  correlation  of  acidity  and  le^d-dissolving  property  and  the  close 
relation  between  amount  of  acidity  and  vigour  of  solvent  action  on 
lead  are  matters  considered  in  detail  in  Volume  I.  This  report  deals 
incidentally  with  the  same  subject,  but  it  also  treats  of  the  effeet,  as 
regards  plumbo-solvency,  of  the  additions  to  moorland  waters  of  various 
substances  and  uf  placing  moorland  waters  under  a  number  of  different 
conditions. 

The  source  and  nature  of  the  moorland  waters  used  for  the  above 
experiments  has  been  fully  explained  in  Volume  I.  No  reasons*  need 
therefore  be  given  for  selecting  them,  for  experimental  purposes,  as 
typical  natural  plumbo-solveut  waters.  But,  as  so  many  of  the  experi- 
ments deal  with  Shipley,  Mossley,  and,  in  a  few  instances,  with  Settle 
Peat  Pool  water  (the  latter  not  being  dealt  with  in  Volume  I.),'there 
would  seem  to  be  nn  advantage  in  considering  here  the  sustained 
Uboratory  experiments  as  to  the  acidity  and  plumbo-solvency  and 
chemical  compo^tion  of  the  above  waters.  ,   , 

It  is  of  advantage  also  to  include  the  results  of  the  examination  as 
regards  acidity  and  plumbo-solvent  ability  of  the  ''  inlet "  water  to  and 
the  '*  outlet "  water  from  Sheephouse  Beservoir  (Bacup  Corporation 
Waterworks),  as  the  observations  cover  a  considerable  period  of  time 
and  clearly  illustrates  the  close  association  of  acidity  with  plumbo- 
solvency. 

It  is  convenient,  in  the  first  place,  to  consider  the  result  of  the 
examination  of  Shipley  (Eldwick)  Reservoir*  water,  an  example  of  a 
moorland  water  consistently  and  to  a  remarkable  degree  possessed  of 
the  properties  of  acidity  and  plumbo-solvency. 

The  following  table  (Table  LXX.),  on  pages  128,  129,  shows  the 
results  of  the  chemical  examination  of  the  water  obtained  from  Eldwick 
Reservoir  (Shipley  "Water  Supply). 

It  will  be  seen  from  the  Table  LXX.  that  there  is  nothing  peculiar  in 
the  chemical  composition  of  Shipley  (Gldwick)  water.  The  oxygen 
absorbed  from  permanganates  and  the  albumenoid  ammonia  figures  are 
doubtless  rather  high,  but  this  is  only  what  might  be  anticipated  in 
the  case  of  a  moorland  water.  Yet  this  water  uniformly  dissolved 
lead  to  a  remarkable  extent,  and  the  only  factor  in  the  chemical 
anidysis  of  the  water  to  be  associated  with  this  property  was  its 
extreme  acidity.  It  would  be  difficult  to  find  a  water  yielding, 
nniformly,  as  regards  acidity  and  plumbo-solvency,  such  high  figures. 
These  results  are  best  appreciated  by  reference  to  the  table  on 
pages  130-134  (Table  LXX  1.),  in  which  all  the  results  as  regards  acidity 
and  plumbo-solvency  are  placed  side  by  side. 


•  For  a  description  of  Shipley  (Eldwick)  Waterworks,'  see  Volume  I. 
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Table 

Showing  the  Becord  of  the  Chemical  Examination  of  the 

Results  stated  in 


Appearance. 

1 
1 

Residue  on 
Evaporation. 

Ammonia. 

Oxidised 
Nitrogen. 

i 
1 

Date  of 
Sxami- 
nAtion. 

Colour. 

Tur- 
bidity. 

Residue. 

1 

1 

i 

Free. 

Albn- 
menoid. 

Total. 

AaNi. 
trites. 

for 

Onanic  i 

Matter  St 

lOO^C. 

1894. 
P«b.     27 

Yellow 

Dim 

Slight 

Acid 

4 

•002 

'016 

•036 

Traee 

0*48 

Mar.      6 

n 

I* 

M 

> 

2 

•006 

•Oil 

•033 

Nil 

0-37 

M       IS 

u 

•» 

M 

M 

10 

•006 

•026 

•039 

Trace 

0*66 

n          «0 

M 

M 

»• 

It 

*00S 

•014 

•023 

Nil 

O-80 

«       «7 

•♦ 

»» 

•• 

M 

•002 

•024 

•010 

« 

0*88     i 

1 

April     8 

♦f 

•» 

n 

•* 

•010 

•003 

•016 

Trace 

0*35 

..       10 

M 

W 

Con. 
sidenUe. 

ft 

•007 

•009 

•013 

n 

0-88 

»       17 

l» 

- 

Slight 

M 

•004 

•014 

— 

" 

0-60 

Miy    » 

M 

M 

M 

W 

•018 

•on 

•016 

Nil 

©•18 

Jon*     4 

» 

»» 

n 

11   . 

•005 

•016 

•016 

- 

0^S6 

»      11 

M 

n 

M 

1. 

'004 

•012 

046 

Trace 

.•« 

«        18 

»> 

» 

M 

M 

8 

•009 

•017 

•028 

Nil 

0-86 

u        25 

M 

,, 

i» 

M 

11 

•008 

•016 

•048 

" 

0*56 

July       8 

if 

n 

M 

M 

'004 

•022 

•020 

If 

008 

» 

M 

M 

M 

- 

•003 

-020 

•019 

w 

- 

..       16 

>• 

M 

n 

« 

8 

•012 

•012 

•089 

Trace 

007 

..       M 

M 

w 

" 

M 

9 

•014 

•012 

•036 

Nil 

016 

n         80 

H 

M 

»t 

M 

__ 

- 

— 

- 

— 

— 

— 

— 

Auff.      6 

M 

W 

•» 

" 

6 

- 

- 

'016 

•008 

- 

Nil 

010 

n         W 

M 

» 

»« 

•1 

- 

- 

- 

- 

— 

— 

— 

— 

«     n 

» 

n 

« 

«l 

8 

- 

- 

•007 

•016 

- 

Nil 

©•5G 

.     vi 

1* 

M 

- 

m 

8 

- 

- 

•002 

•002 

- 

- 

0-81 

Sept.     8 

W 

« 

If 

" 

6 

— 

•- 

-016 

•014 

— 

"- 

O^ll 

•  The  chemioal  examination  of  this  water,  so  far  as  addity  and  plumbo^olTeafy  are 
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LXX, 

Watkb  obtained  from  Eldwick  Beservoib  (Shipley  Water  Supply). 
Parta  per  100,000. 


'  ,  Acidity  in  Terms 

"•»'  I  •rS^  I  ^^^^       Iroo.         required  to 


'  TotoL  I  Oxygen. 


I       neutralise 

100  CO.  or  the 
'         Water. 


Plumbo-soWency,  aa  shown  by 

amoont  of  Lead  taken  up  in 

Samples. 

The  action  on  Lead  was 

tested  by  Upward  Filtration 

through  SO  CO.  washed 

Lead  Shot  at  the  rate  of  S  mins. 

per  SO  CO.* 


Weekly  Baiufall 

(in  Inches)  on 

'  Shipl^  Gatlierinif 


jTronnd. 


l&t   I  2nd      Srd  I  4th 
'50  C.C.  50  CO.  50  0.C  |S0  ce. 


6th 
50  0.C 


'•»' 

41 

I» 

1-5 

4*5 

1-24 

1-7 

5-0 

1'2S 

1-5 

4'i 

lltf 

1-5 

50 

1-15 

1-4    1 

4*3 

1'15 

Vf.    1 

5-0 

1-13 

1-7 

6*6 

1*18 

Present 


5-S    i      l-») 


1-6 

A*7 

1-22 

1-J 

1-17 

1-4 

1-U6 

1-5 

6*S 

0*9e2 

Vi 

0*05 

Vi 

1*04 

1-5 

1-05 

r* 

1*04 

^ 

1*00 
1*06 
1-15 
0*90 
1*00 
l'U8 
1*08 
1*20 
1-20 

1*80 
1*20 
1*08 
1-08 
1-06 
1*14 
1-20 
1*(« 
1*08 


1-4 

4-0 

~ 

„ 

1*08 

- 

- 

- 

ft 

006 

1-4 

5*6 

- 

i> 

120 

1*4 

5*4 

„    i 

108 

V4 

5-3 

— 

1 

0-00 

0*8  I    2  0  I    2*4 


0-8 
1-U 
0*6 
0*8 
'2-0 

ro 

2-0 
1*0 

3*0 
1*5 
1*5 
2*0 
2-0 
1*0 


2*0 
2*6 
1*2 
2*2 
2*5 
2-5 
4*0 
2-0 

4-0 
3*0 
S-0 


2*2 
2*8 
1-fl 
2*8 

s-o 

S-0 
3-0 
2*0 

4*0 
3*0 
3*5 


SO       3*0 


a-0  I    3*0 


2*0 


I 

1-5  ,  2-5 

1*0  I  2*0 

«*5  2*« 


2U 
10 
1*0 


2*0 
2*5 

4*0 
3-0 
3*0 


2*5 
3*0 
3*0 
2*0 
2*5 
2-0 
4*0 
80 
3  0 


2*8 
2-4 
8*2 
1*8 
3*2 
8*0 
3*0 
8*0 
2-0 

4*0 
8*0 
4*0 
5*5 
8'0 
8'0 
8*0 
3*5 


Arer- 
age.  I 


3*2 
2-8 
8-6 
2-0 
8-2 
8-0 
8-0 
8-0 
8-0 

5-0 
40 
4*0 
3-0 
8-0 
8-0 
8*0 
4*0 


20  ;    2*0 


.VO 
8-0 
5*0 
3*0 
4*0 


2*5 
2-0 
5*0 
8-0 
3*0 


2-24 

1894. 
Feb.  24 

Ins. 
-    0-44 

2*04 

Mar.  8 

-    0-78 

2-64 

«     10 

-    0-91 

1-44 

«    17 

-    0-95 

2-44 

n     81 

-  0-00 

-  0-00 

2-70 

April  7 

.    0-80 

2*50 

,.   u 

-    0-84 

8*00 

:U 

-    0-76 

8-00 
4-00 

May   6 

M     12 

»     19 

^M    26 

Jnne  2 

-    0-89 
.    0-74 
•    0-48 
.    0-02 

0-58 

2-90 

n        9 

.    2-17 

3*20 

u     16 

•    0-48 

2-90 

»     28 
>.    80 

.    0-lT 
•    0-18 

2-80 

July  7 

-    0-25 

2-80 

*»     14 

-    0*88 

2-60 

„     21 

.    0*14 

1-70 

,.    29 

.    2-Oi 

1-70 

210 

Aug.   4 

-    0-87 

2-10 

,.     11 

.  r*S8 

4-00 

n       18 

-    0*61 

2-60 

»     28 

•    0-5B 

2*80 

Sept.  1 
»»      8 

•  0*70 

•  0-55 

"wwned.  was  carried  out  beyond  Sept.  8. 18»4.    The  resnlts  are  given  in  Table  LXXI. 
%    98614. 
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Table  LXXI. 


iShowiDg  the  Results  of  theCHiCMiCAL  Examination  of  the  Water  obtaiufd  from 
Kldwick  Resekvoik  (Shipley  Water  Supply)  us  ivgunls  Acidity  sim!  I*lt'mb«>- 
SOLVENCY,  Ac. 


BldiHck  Reservoir  Water. 


Date. 


Hardne4»ti 
(CaCOs 

Vtain  per 
100.1100). 


Acidity 

ill  Terms 

of  cc.  l»lumbo-»olvency  (ResulN  stated  a«  Pai-ts 

ANa-COa  F*""   1W.000).     The  nctiou  on  Uad  wag 

1"              ,  tested  bj  upward  titration  throuirh  50c.c. 

Beartion    required  washed  Lead  Shot  at  the  nit<'of  3  iniu>. 

with        toneu-    |  perMc.e. 


L^cmoid. 


tralise 

100O.C.  of 

theWater.l 

Phenol-  I 
iphthalein; 

used  as  *■*'  °""  ,  "^^  >  '*'■"  *"'"  Av«*Mjr»> 
I  Indicator  '  W  c.c.  1 80  cc.  SO  cc  50  cc.  50  cc  ^^  ^'^^* ' 
I  'i  i  I  I  .  I 


Weekly  Rainfall 

on  the 

(vatherinfrGrouiiil. 


I8t 


dnd    '    drd 


4th        5ih 


;     ISM. 

1 

1 

1 

1     Feb.   27 

41      i      Acid 

'       IMMI 

0-8 

1 

2-0 

1    2-4 

1 

;  2-8 

3*2 

2  24 

February  1?  J»4. 

3rd.  10th»  17th.  24tli. 

Inches. 

'  0-25,  0*74.  1-50, 0-41. 

i 

1 

2  1  Mftr.     5 

1 
4*« 

1      1-08 

0-8 

\ro 

2-2 

2-4 

2-8 

204 

March  1894. 
Srd,  10th.  17th,  2ttU. 

S 

.,      13 

50 

115 

1-0 

2-6 

2-8 

>    3-2 

8-6 

1 

2W 

31st. 

Inches. 

4 

.,      20 

4-2 

0-iM) 

0-6 

1-2 

ro 

!     1-8 

1 

'     2-0 

1-44 

0-78,  0-9i  0-95.  OW, 
0-00. 

5 

„      ♦7 

6-0 

1-00 

1    0-8 

2-2 

2-8 

8-2 

S-2 

2-4t 

1 

41 

April    3 

4-5 

1-08 

I    2-0 

:   2-6 

1 

s-o 

3-0 

3-0 

2-70 

April  18W. 
7th.  14th.  2Ut.  28th. 

7         ,.      10  1 

6-0 

j      1-08 

I'O 

2-5 

3-0 

3-0 

i 

3-0 

2-50 

Inches. 

i  0-80,  0-84»  0-76,  M«». 

8        ,.17 

A'ff 

i       1-20 

20 

4-0 

8-0 

I    30 

3-0 

8-00 

! 

U     Mwy   2»  1 

1 
1 

.^•3 

i       1-20 

1-0 

2-0 

1 

2*0 

2-0 

80 

2-00 

Mayl8»4. 

5tb,i2th.mh.atuh. 

Inches. 

0*Se.  0-74. 0-43, 0'<i£, 

10  !  June    4 

«-7 

rso 

i    3-0 

4-0 

40 

4-0 

50 

4*00 

1           June  1894. 
2iid.  0th,  16th,  23nl, 

11  I      „      11 

l» 

1-20 

1 

1-5 

30 

80 

j    8-0 

4-0 

2*90 

90th. 

Inches. 

12  J      .,      18 

4« 

t 

1-08 

16 

3-0 

3*5 

4-0 

4-0    1 

3-20 

•  0-58,  217.  0*48,  tf  17. 
0-16. 

IS        ..      25 

0-2 

1-08 

2-0 

80 

SO 

3-5 

80 

2*W) 

14  '  Jmy     .3 

5  3 

1-08 

2-0 

3-0 

3-0 

'    30 

30 

2-80 

July  1894. 
7tb,  14th.2lsl,2Hth. 

15          ..         II 

5-3 

1*14 

1-0 

2-0 

2-5 

'    80 

80 

2 -.HO 

Inches. 
0*25.0-36.0-8».2l»^. 

l«:        „     Ui 

45 

V2ti 

1-5 

2-5 

30 

30 

SO 

2*  00 

17         ,.      23 

10 

1*02 

10 

2-0 

30 

3-5 

40 

2-70 

IS         „      30 

-        , 

1-08 

0-5 

2-0 

20 

2-0 

20 

v;.. 

lU     .^ug.     6 

J 

4-9 

1 

108 

0-5 

20 

1 

2-5 

30 

23     ! 

2*10 

AufnxMt  18W. 
4th.  11th.  18th.  25th. 

Sfr      M     IS 

■''"                 •» 

0-96 

1-0 

2-6 

2-0 

8-0    1 

20 

210 

Inciter. 
0-87.  0-28.  0*«4,0,5O. 

91  1      ..      21 

5*6      1 

1*20 

2-0 

4*0 

40 

6'0 

50    1 

400 

552         „      27 

5-4 

1-08 

1-0 

8-0 

3-0 

3-0 

3-0    ' 

2*60 

2.1  1  Sept.    3 

5-3 

000 

1-0 

30 

3'0 

4-0 

30    i 

2*80 

September  1894. 
1st,  8th.  15th.  ^rid 

"1   •■  '"i 

4-2      1          .. 

0*W 

1-0 

2-0 

20 

2*6 

2-6 

2*00 

2J»th. 

InchoM. 

25         ..      17 

4-^      j          ..        1 

o-iw 

10 

2-0 

3-0 

3-0 

8-0 

3*40 

OW. 

M 

..     J?5  ! 

5-«       ■'           ..         1 

O'.r) 

10 

2-0 

20 

2'S    j 

30    1 

a-io 
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Table  LXXI. — eoiUinued. 


j 

BldwiokKewrvoirWiter. 

Addity 

in  terms 

of  0.0. 

Plumbo-wlvonpy  IRoeult*  stated.! 

IS  Farts 

Me. 

OvduflM 

(OaOQ, 

Purtaper 

Reaction 

with 
Laomoid. 

2N..C0. 

required 
toneu- 
trmlise 

per  100.000] 
tosted  by  u 
washed  lee 
per  50  C.C. 

The  acbon  on  Lead  was 
pward  nitration  through  60  0.0. 
d  Shot  at  the  rate  oTsmins. 

Weekly  BainMl 

on  the 

Gathering  Ground. 

J 

100.000). 

100  0.0.  of 

I 

Wfttor. 

s 

z 

I 

H 

a; 

Phenol- 
pbthalein 

uiedaa 
Indicator. 

1st 
00  0.0. 

2nd 
60  CO. 

Srd 
50  cc. 

4th 
50  CO. 

5th 
60  CC. 

Average. 

5 

18M. 
Oct,     1 

! 

5*2      1     Acid 

0*90 

I'O 

8-0 

3-0 

3'0 

4*0 

2*80 

October  1894. 

6th.  13th.  20th.  87th. 

rs 

- 

8 

6*3                „              1-08 

2-0 

3-0 

3*5 

8'6 

40 

8*20 

Inches. 
0*18. 0-54,0-84, 3*49. 

i« 

» 

15 

4-9                ..              0*90 

ro 

80 

30 

3*0 

4*0 

2*80 

3» 

1* 

28 

5-3                „        '      1-20 

8-0 

4-0 

40 

40 

40 

3*80 

31 

„ 

26 

5-3                ,.              0-WJ 

1-5 

4-6 

40 

3-5 

4*0 

3*70 

S2 

^ 

30 

5*6                ..              1-00 

10 

8-0 

3-0 

4*0 

4*0 

3-00 

33 

Nov. 

5 

5-6               .,        .      1*02 

ro 

2-6 

3*6 

3*0 

30 

2-80 

3rd.  10th.  17th.  94th. 

U 

18 

5*5)                 ,.        1       1*'** 

2-0 

3*0 

3*6 

40 

4*0 

3*30 

Inches. 

" 

0*63. 0-41, 0-88. 0*88. 

3S 

„ 

1» 

6*2 

1-08 

1-6 

80 

2*6 

30 

30 

2*00 

« 

i» 

28 

5-6      1          ,. 

0-90 

0-6 

1-5 

20 

2*5 

2*0 

1*70 

37 

Dec. 

S 

6-4 

0-84 

1*5 

8-0 

2*6 

2*5 

2*6 

2*80 

December  18M. 
ist,  8th.  16th,  82nd. 

> 

1 

10 

8  0 

0-96 

10 

2-6 

2-5 

2*5 

2-5 

8*80 

29th. 

Inches. 

}? 

„ 

17 

5*6 

., 

1-20 

2*6 

3-0 

8*6 

3-5 

4-0 

3*30 

0*00,  0*09. 0*88,  1'86, 
0*24. 

» 

„ 

34 

5-2 

„ 

0*96 

1-5 

20 

80 

5-5 

3-5 

2*70 

41  ' 

n 

81 

5*2 

"    i  "-^ 

1-5 

3-0 

3-0 

3-0 

3-0 

2*70 

42 

im. 

Jan.    8 

4-0      I          „        1      0-90 

1-5 

3-0 

8-0 

3*0 

30 

2*70 

January  896. 
5th,  12th,  19th.  26th. 

fi 

n 

15 

4-9               ,.              0-84 

1-5 

2-0 

2*6 

3-0 

3*0 

2*40 

Inches. 
0*68. 0-46, 1*68, 1-14. 

« 

„ 

21 

4-0 

1*02 

1-0 

2-5 

2*6 

3-0 

30 

2*40 

4a 

., 

29 

3-4 

0-96 

1-0 

2-6 

215 

2*6 

2*5 

2-20 

*♦;- 

Feb. 

6 

6-6      1          „        ;      0'96 

1-0 

2-6 

3*0 

8-0 

3*0 

2-60 

February  1896. 
2nd,  9th,  16th.  28rd. 

j: 

» 

12 

4-9      1         „              0-78 

1-0 

1-6 

1-5 

2-0 

2  0 

1*60 

.    Inches. 
0*61.  0-88,  0*01, 000. 

« 

„ 

17 

4-2      i          „              0-54 

0-5 

1-0 

1*0 

1*3 

1*5 

1*10 

& 

^ 

28 

4-9 

0-96 

1-5 

2-0 

2*0 

2*0 

2*0 

1*90 

» 

Mar. 

5 

4-9 

0-84 

20 

2-6 

2*6 

3*0 

3*0 

2*60 

March  1895. 
2nd,  9th,  lOth.  28rd. 

til 

» 

12 

4*9 

., 

0-90 

1-5 

2-0 

2*0 

2*0 

2-0 

1*90 

30th. 

Inches. 

JS 

M 

19 

5-2 

„ 

0*90 

1-6 

1-6 

2*0 

2*0 

20 

1-80 

0-44i  0*60.  0*81. 0*38. 
106. 

S3 

•• 

88 

5-0 

„ 

0-84 

1-6 

2-0 

2*0 

2-0 

2*5 

2*00 

54 

April   8 

5-7 

„ 

0-90 

2-0 

2*6 

3*0 

3*0 

8*0 

2*70 

Anril  1896. 
Oth^lSOi.  80th,  27th. 

35 

« 

9 

e-s 

.. 

0-84 

1*6 

2-0 

2*0 

2-6 

2*5 

2*10 

Indhes. 
0*86. 0*29,  0*26, 8-18. 

56 

n 

16 

5-8 

** 

0-72 

0*5 

I'O 

1*6 

1-6 

1*5 

1*20 

•  la  wperiment*  46-67  inclusive,  the  amount  of  iron  preaent  in  the  various  samples  of  water  was  estimated. 
T))«aBoant  was  found  to  be  as  nearly  as  possible  always  the  same,  viz.,  1  part  m  100.000  parts.       1,        -^v   u      1 

t In elSriJStinis  itt?l"ivrtfeam?SS  of  aoidi^r  wwdetermin^wth methyl o~«^^  as  with phenol- 
pMhsMnas  indicator.  Tho  resnlU.  taken  in  order,  are  as  follows  :-0*30, 0*30, 0*24»  0*30. 0-24, 0  18, 0  18, 0  80, 0  18, 
0l8,0*i8fcO*18, 0*24^0*18,  0*18. 0*l«.  018,  0*18.  The  flgwes  iej«»«  wi  t  cc  JJ-NstCX),  required  to  neutralise  100  ex** 
'^thswsier.  * 

I  2 
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Table  LXXL-^ continued. 


Elclwiok  Rcaonruir  Water. 


57 
S8 
59 
60 
Al 
62 
63 
64 
66 
66 
67 
68 
00 
70 
71 
72 
73 
74 
76 
76 
77 
78 
70 
80 
81 
82 
83 
84 
86 
86 
87 
88 
89 
»0 


l>iiU'. 


Acidity 
in  temiB 
ofcc. 


('".CO,   I      ^,„, 


'  to  neu- 
tralise 

100  c.c  of 

theWater. 
Phenol- 

phth«l»iu 
lined  as 

Indicator. 


PlunilH)-solvi'ncy  (R(  suits  statul  as  Parts 
per  100.000).  The  action  on  Lead  was 
tested  by  upwai*d  filtration  throiigh  60  ex. 
washed  Lead  Shot  at  the  ratcof  3mio8. 
per  50  c.c. 


Weekly  Raiufall 

on  the 

Gathering  Grouw  I. 


l8t    I    2nd 
60  O.C.  1 50  CO. 


3rd 
60C.C. 


4tb 
50C.C. 


1895. 
April  23 

6*6 

Acid 

n        80 

6-9 

» 

M«y     7 

G-0 

n 

,.      14 

6-7 

>* 

«      21 

6-0 

" 

..  28  . 

Juno    4 

^  11  ; 

«  18  ! 

,.  25 

July    2 

9 

.,  16 

»  23 

..  30 

Aug.     6 

„  13 

„  20 

M  27 

Sept.    8 

M  10 

.,  17 

M  24 

Oct.     ] 

8 

»  16 

»  22 

n  29 

Nov.    6 

..  12 

H  18 

.,  26  I 

I>e<\  3 

..  10  I 


6-4 
7*3 
6*4 
0-3 
«-7 
«-7 
6-4 
6-2 
8-1 
7-4 
7-0 
7-0 
7-0 
7-4 
7-3 
7-1 
7-1 
7-0 
7-6 
7-7 
7'3 
6*8 
6-9 
7-1 


0-78 
0-96 
0-78 
0-78 
0-72 
0-78 
O'OO 
0-78 
0-72 
0*72 
0-72 
0-78 
0*72 
108 
I'Oa 
110 
0*96 
0*90 
0*00 
0*00 
090 
0*00 
0*90 
0-84 
1*02 
0-84 
0*84 
0*84 
0-84 
1*02 
0-84 
0*90 
0*84 
0*90 


1*0 
1*6 

ro 
ro 

1*0 
1-5 
20 
1  1*0 
1*0 

I  l'» 

•  ro 
i   1-5 

1-0 

I     2*0 

I    2*5 
I 
1*0 

1*6 

2*6 

1*6 

10 

I    0*6 

I    1*0 

I    10 

10 

1*5 

1*0 

1*0 

0*6 

1*0 

1*0 

10 

1*0 

I    1*0 

1*0 


1*6 
2-5 
1*0 
2*0 
1-5 
2*5 
2*6 
1*0 
2*0 
20 
1*0 
1*6 
1*6 
30 
3'& 
2-0 
2-0 
30 
2*0 
1*6 
1*0 
1*5 
10 
1*6 
1-6 
1*5 
1*0 
1*6 
1*0 
1*5 
1*6 
1*6 
10 
1*0 


2*0 
2*5 
1*5 
2-0 
20 
3*0 
2  3 
1*5 
20 
2*0 
1*6 
1-3 
1*3 
2*3 
3*5 
2-5 
2*5 
2*5 
2*6 
1*5 
1-5 
20 
1*5 
1*6 
1*6 
1*0 
1*6 
1*0 
1*0 
1*6 
1*6 
1-5 
10 
1*5 


2*0 
2*5 
1-5 
2*0 
2-0 
2-5 
2-5 
1-5 
2*0 
2*0 
20 
2-0 
2*0 
8  0 
3*0 
2*3 
2*6 
3*0 
2*6 
1*5 
20 
1*3 
1*5 
1*6 
1*6 
1-5 
1*6 
1*6 
1*6 
20 
1*5 
1*6 
10 
1-6 


5th 
60c.c. 


2*0 
2*0 
2*0 
20 
2*0 
2*6 
2*5 
1-5 
20 
2*0 
2*0 
2*0 
2*0 
S*5 
3*0 
30 
2*6 
3*0 
8*0 
2*0 
20 
2*0 
1*6 
1*6 
2*0 
1*5 
1-6 
1-5 
1*6 
2-5 
1*6 
2*0 
1*5 
1*6 


Average. 


1*70 
2-20 
1*40 
1*80 
1*70 
2*40 
2*40 
1-30 
1*80 
1*90 
1*60 
1-70 
1*60 
2*60 
3-10 
2-90 
2*20 
2-80 
2*10 
1*50 
1-40 
1*60 
1*80 
1-40 
1*00 
1-80 
1-80 
1-90 
1*20 
1-70 
1*40 
1*60 
1*10 
1*80 


May  18015. 
4ih<llih.  18th.  2Sth. 

Incbei. 
0*20,0*00,  0*06.0*23. 


June  1895. 
Ist,  8th,  16th,  S2Dd« 
29th. 

Inchett. 
0*40,1*35,  Oll,©^, 
0-81. 


July  1896. 
6ih.  ISth,  20th,  S7th. 

Inches. 
1*24.0*66,  0-94, 811. 


Austtst  1886. 
3rd,  lOSi.  17th.  24th. 
81st. 

Inchff*- 
0-87, 0-St.  1*82,  O-K. 
0-97. 


September  1895. 
7th.  14th,  2Ut»  28th. 

Inches. 
1-81.0*26,0*00,0-06. 


OctQbQrl896. 
6th.  litfa.  19th.  26th. 

1*80,0-68.  0-54^0*68. 


November  1886. 
2nd,  9th,  16th,  23nl, 
80th. 

Inobes. 
0-14^0*60,  2-84^  1*71 
0*69. 


December  1885. 
7th,  14th,  21st,  2tth. 

Inches. 
1*68.0-74^  0*34. 012. 
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I'able  LXXI. — continued. 


Eldwick  Reoenroir  Water. 


Date. 


Hudnew 

Itutsper 

100.000). 


I 


»l 

Dec   18 

« 

..      £4 

% 

«     31 

H 

Jan.     7 

% 

.     15 

% 

n        21 

r, 

n        28 

% 

Peb.     4 

» 

.     10 

i»ii 

.*     18 

m 

.    a 

1*2 

Mar.    S 

i« 

«     10 

1«4 

.     17 

jflS 

»     24 

w 

.     SI 

167 

April  7 

;«« 

.     14 

i« 

n        21 

lift 

«     2S 

111 

Mty    6 

Hi 

-     12 

\\% 

..      19 

Ml 

,     26 

'.n 

Uw   2 

ii« 

^       9 

U7 

»      16 

YA 

„      SJ 

IB 

.     29 

131 

Jttlj    7 

lii 

^     U 

12 

«      21 

m 

.     27 

Aeidity 


i 
'in 

of  0.0. 

EHUstionlifQnirad 

with        tonen-  i 

LBcmoid.; ,  traliae 

100  CO.  of; 

Water. 

Phenol- 

phthalein 

used  as 


Plombo-solvenosr  (Beaulti  itated  aa  Parti 
per  100,000).  The  aotion  on  Lead  was 
tested  by  upward  filtration  through  SO  cc. 
washed  Lead  Shot  nt  the  rate  of  «S  mins. 
per  60  CO. 


Weekly  BainliUl 

on  the 

(Hthering  Oround. 


Acid 


_       I 


Ist       2nd       3rd 

Indicator.  50o.c.l50c.c.   50  cc. 


4th    I    6th     !««««. 
fiOcc   60cci^^®"«*' 


0-90 

0-6 

1-0 

ro 

0-84 

0. 

ro 

ro 

0-84 

1-2 

re 

l-G 

0-84 

0-6 

0-6 

10 

090 

1-0 

1-6 

1-6 

0-96 

1-6 

1-5 

20 

0-96 

1-5 

1-5 

20 

0*84 

0-6 

ro 

10 

0-90 

OS 

1-5 

1-6 

0*90 

1*0 

1-0 

10 

0-90 

10 

1-0 

10 

0-Ofl 

10 

1-5 

1-6 

0-84 

10 

1-0 

1-5 

0-84 

10 

1-5 

1-5 

0-84 

ro 

1*0 

I'O 

0-84 

1-0 

ro 

1-6 

0-84 

0-5 

1-6 

1-3 

0-78 

0-6 

ro 

1-5 

0-84 

1-0 

1-6 

1-5 

0'78 

1-6 

1*3 

1-5 

0*84 

0-5 

1-0 

1*6 

0*84 

1-6 

1-5 

1-5 

0*84 

1-0 

ro 

ro 

0-81 

1-0 

ro 

ro 

0-84 

ro 

1-0 

1-0 

r(>2 

1-0 

1-0 

ro 

1-08 

1-6 

1-6 

20 

(flHJ 

1-0 

10 

10 

0-90 

ro 

10 

1-5 

0-84 

10 

1-6 

rs 

0-90 

1-0 

1-5 

!  '' 

0-90 

1-3 

1-5 

1     1-3 

0-P 

I   ro 

10 

i  1*5 

1'5 
1-0 
10 

10 
1-5 
20 
2-0 

I   ro 
I 
i  1-5 

1-6 

ro 

1-5 
1-5 
1-6 
1'5 
1-3 
1-6 
1*6 
1-5 
1-3 
I  1-3 
I  1*5 
1-0 
1*3 

ro 

,    I'O 
2-0 

i  ^-^ 

I    1-6 

'    1-6 

1-6 

1*5 

rs 

i 


2*0 
1*0 
1'2 


10 
2-0 
20 
20 
10 
1-5 
1*3 
1'5 
1*3 
1-3 
1-3 
1-6 
1-5 

1-5  : 

1-3    I 

2-0 

1-6 

rs 

1-5 
1-3 
1-3 
1*5 
I'O 
2-0 
1-0 

r5 

I    1-6 

rs 

1-3 
1-3 


1*20 
0*90 
1'44 

0*80 
1*60 
1*80 
1*80 
0-JIO 
ISO 
1*20 

no 

1*40 
1'30 
1-40 
1-20 
1*30 
1*30 
1-20 
130 

rso 

1*20 
1-30 

no 

1-20 
1-10 
1*00 
1*80 
1*00 

r.'JO 

1-W 
1*40 
I'fiO 

1-.W 


January  1896. 
4th,  Uth,  18th,  26ih. 

Inches. 
0-88.0*00,  0*07,0*15. 


Februaiy  1896. 
1st.  8th,  16th,  a2nd. 
29th. 

Tnfth^, 
0*09.  0-04.0-15,0*43. 
0*89. 


Ifarchl896. 
7th,  14th.  21st,  28th. 

Inches. 
1*60,  0*66,  0-62,  0*86. 


April  1896. 
4th,  nth,  18th,  25th. 

Inches. 
0*28, 0*41, 0*43,  0*00. 


May  1800. 
iiid,  9th,  16th,  23rd. 
I     SOth. 
I  Inches. 

0*46, 0*00. 0*00. 0-76, 
I      0*00. 


June  1896. 
0th,  ISth.  20th.  27th. 

Inohes. 
1*9^1. 1-23. 0*82. 0*47. 


July  1896. 
I  4Lli.  nth.  18th.  25th. 

Inches. 
0  27,0' 39,0  08,  0*52. 
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Table  LXXL—eontinved. 


Bldwiok  ReseiToIr  Water 

Addity 

intermi 

ofcc. 

Plumbo-flolvenoy  (Results  statea  ■■  ^Pftrta 
per  100.000).     The  action  on  Lead  was 
tested  by  upward  nitration  throueh  60  ex, 
washed  Lead  Shot  at  the  rate  of  3  mins. 
por50o.c. 

Date. 

Haixiness 

(OaOO, 

Parts  per 

ReV2tion 

with 
Lacmoid. 

^^Na,0O, 

required 
to  neu- 
tralise 

Weekly  Eainhll 
'             on  the 

«! 

100.000). 

100e.e.of 

e 

Water. 

Phenol, 
phthalein 

uiedaa 
Indicator. 

1 



1896. 
Aug.    4 

Igt 
60  0.0. 

2nd 
60  CC 

3rd 
60  CC. 

4th 
50e.c. 

1-6 

6th 
50C.C. 

re 

Averaffo. 

1 

124 

— 

Acid 

0-96 

10         1-5 

15 

1-10 

August  1896. 
Ist.  8tfi.  16th.  and. 

125 

,.      11 

__ 

* 

006 

1-6         1-5 

1-5         1-5 

1-5           1-60 

29th.^     ^ 

1 

1 

Inches. 

120 

,.      18 

— 

H 

0-84 

1-0    1    Ifi 

1-5 

1-5 

1-5 

1-40 

1-40.  0-06, 0-15.  OIC. 

0*68. 

September  1896. 
6tb.  18th,  19tb.  96th. 

127 

Sept.  22 

- 

" 

108 

1-5          1-5 

1 

2-0 

2-0 

'■■' 

1-80 

128  1     H      to 

_ 

^^ 

1*08 

1-5    '    20 

2-0        20 

2-0    }      1-90 

Inchvi. 

( 

0-78. 0-79. 0*?5, 2-11. 

129  ]  Oct.     6 

— 

" 

ro2 

1-5     1    20 

1 

20        20 

20    ,      1-90 

October  1S86. 
3rd«10th.  17th.  24th. 

190        ^      IS 

„_ 

^ 

1-02 

1-5    1    2-5 

2-5        2-5 

2-5          2-30 

8lst. 

Inohee. 

181 

..      20 



,j 

0-96 

1-5    1     1-5 

1-5         1-3 

1-5          1-60 

0-69. 1-68,  1-08.  OM. 

1 

0-78. 

182 

«      27 

— 

.. 

0*90 

1-5 

1-6 

1-5         1*6 

1-5 

1-50 

183 

Nov.    2 

.      - 

- 

0*90 

1-0 

10 

1-6         1*6 

1-5 

1-30 

NoTemberl896. 
7th.  14th,  8Ut.  88th. 

184 

9 

— 

» 

1-02 

10 

1-5 

1-5         1-5 

1-6 

1-40 

Inchea. 
0-49.  ll«,0-4«.01l. 

185 

«      17 

— 

M 

1-02 

1-0 

1-6 

1-5         1-5 

1-5 

1-40 

136 

M      24 

— 

M 

1-28 

20 

20 

2-5         2-5 

2-5 

2-30 

137 

Doc.     1 

'    - 

M 

0*96 

1-5 

1-5 

1*5    1    1-5 

1-5 

1-50 

5th.  IStb.  19th.  9Bth. 

188 

H          8 

— 

•» 

0*96 

1-5 

1-6 

1*5    1     1-5 

1 

2-0 

1-60 

Slst. 

Inches. 

188 

..      15 

__ 

^^ 

0*84 

1-6 

1-5 

1-6    ,    1-6 

1-6 

r50 

1*79. 117,  0-7«.  0-19. 

0-66. 

140 

.,      28 

— 

*> 

0-96 

1'5 

1-5 

1-5 

2-0 

20 

1-70 

141 

M      28 

- 

•  ■ 

0-90 

1-6 

1-5 

1-5 

1-5 

2-0 

1-60 

148 

1897. 
Jan      6 

- 

" 

0-9f. 

10 

1-5 

1-5         1-B 

1 

1*5    '      1-40 

1 

January  1897. 
7th.  14tb.  Slst.  S8th. 

148 

M      13 

— 

•• 

0-84 

1-6 

1-5 

1-5         1-5 

1*5           1-60 

Inches. 
1-22, 0-28. 0-18,  OTJ. 

144 

..      18 

— 

»» 

0-9« 

1-5 

1*5 

1-5         1-5 

1-5           1-50 

146 

..      26 

— 

tt 

0-84 

1-5 

1*5 

1-3    j    2-0 

2-0    1      1-70 

146 

Peb.    2 

- 

'• 

0'96 

rs 

1*5 

1-5    ,     1-6 

1-5          1-50 

4th.nth.I8th.S0th. 

147 

M          9 

— 

•> 

0-96 

1*5 

1-6 

1-5    '    1*6 

1-5    1      1-60 

Inches. 
0-91. 0-62, 0-16. 0-«2. 

148 

..      16 

— 

»* 

0-90 

1-5 

1-5 

1-5  ;  1-5 

1-5 

1-60 

140 

M      23 

— 

tt 

0-90 

1-0 

1-5 

1-6 

2-0 

2-0 

1-60 

150 

Mar.    2 

- 

" 

0*84 

1-6 

1-5 

1-5 

2-0 

2-0 

1*70 

March  1897. 
4th.  Uth.  18th. 

151 

«       9 

— 

n 

0-72 

1-5 

1-6 

1'8 

1-6 

1-6 

1-60 

Incbaa. 
1-4(7,  0-98^  1-77. 

152 

H       W 

"~ 

»> 

0'7« 

1-0 

I'O 

1*6 

1-6 

1*5 

1«98 
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It  will  be  seen  that  do  less  than  152  samples  were  tested  as  regards 
acidity  and  plombo-solvencj,  exlending  over  a  period  of  from  Februar}* 
27th,  1894,  to  March  IGthj  1897.  All  the  samples,  without  exception, 
were  conspicuous,  both  as  regards  acidity  and  plumbo-solvent  ability.  The 
decree  of  acidity  and  plumbo-solvency  did  not  vary  very  much  from 
time  to  time,  making  it  difficult  to  effect  any  comparison  between 
amount  of  acidity  and  vigour  of  solvent  action  on  lead,  or  between 
acidity  and  plumbo-solvency  in  relation  to  the  season  of  tlie  year  or  to 
fluctuations  in  the  rainfall. 

While  on  the  subject  of  Shipley  Waterworks  it  may  not  be  amiss  to 
include  here  Table  LXXII.,  page  136,  which  deals  with  the  acidity  day 
by  day  of  the  three  chief  moorland  streams,  which  together  constitute 
the  main  source  of  supply. 

.  It  will  be  seen  that  samples  were  examined  daily  from  February  1 8tli, 
1897,  to  March  2lRt,  1897.  During  this  period  Graincliffe,  Blackdyke, 
and  Weecher  waters  were  always  very  acid,  and  the  degree  of  acidity 
did  not  vary  to  any  great  extent. 

Taking  the  three  streams  in  the  above  order,  the  extremes  were  as 

follows : — 

N 
0-72  to  1-12;  0-96  to  124;  0  60  to  1  •  08  cc.  ^^  Na,CO, 

respectively,  required  to  neutralise  100  c.c.  of  the  water. 

In  the  next  Uble  (Table  LXXIII.),  pages  138-141,  the  resulU 
of  the  chemical  examination  of  Mossley  Water  (main  water)  are 
given. 

It  will  be  seen  from  the  above  table  that  Mossley  water  was 
uniformly  slightly  acid  and  dissolved  lead  to  an  appreciable  extent.  In 
other  respects  the  results  of  its  analysis  were  in  no  way  peculiar.  It 
was  a  "  soft "  water,  containing  a  small  proportion  of  solids,  yielding 
low  figures  as  regards  chlorine,  and,  in.  comparison,  high  figHi*es  a.4 
i-egards  albuminoid  ammonia  and  oxygen  absorbed  from  permanganate. 
The  sustained  laboratory  experiments  in  connection  with  Shipley  and 
Mossley  waters  thus  lend  additional  su[)port  to  the  facts  observed  at 
Burnraoor,  as  to  acidity  and  plumbo-solvency  being  correlated  conditions, 
nud  as  to  plnmbo-aolvency  being  associated  with  no  other  ascertaineil 
condition  except  acidity. 
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Table  LXXII. 

Showing  tlie  Acidity  Day  by  Day  of  certftin  Moorland  Streams 
known  as  Graimcliffe,  Blackdyke,  and  Webchbr.  Shipley 
(Eldwick)  Waterworks. 

Deflcription  of  the  Sample  of  Water. 


Data. 


GmincliSe. 


A. 


Blackdyke. 


Weecher. 


Daily  Rainfall 
(inuicliea)  on 

Acidity  in  Term,  of     I  ♦""o^SSd?^ 


Reaction  with 
Lacmoid. 

CO.  jpNa,00s  required 

to  neutrali§e  100  c.c. 
of  the  Water. 

A. 

B. 

c. 

A. 

B. 

C. 

February  18th,  1807 

— 

~ 

— 

— 

— 

— 

0-00 

„       19th, 

M 

- 

- 

- 

- 

~ 

0-07 

H        »th. 

M       • 

1      _ 

- 

- 

- 

- 

~~ 

0-06 

„       Mat, 

«f 

- 

- 

- 

- 

"■ 

__ 

0-66 

.      »nd« 

» 

V.acid 

V.acid  V 

Hcid 

0-84 

0-99 

0-84 

o-oo 

.       2Srd. 

M                                  ' 

M 

M 

., 

0-8* 

0-96 

0-84 

0-00 

..      24th, 

M                - 

,* 

N 

., 

0-72 

0-JW 

0-75 

O'OO 

„       25th, 

„ 

,. 

„ 

,. 

0-72 

one 

0-84 

0-08 

»       26th, 
„       27th. 

»                '                ' 

»• 

- 

,. 

0*84 
0-75 

i-o« 

0-99 

0*87 
ir84 

Accident      to 
rain-ftaugo. 

«       28th, 

M 

«• 

„ 

.. 

0-72 

ow 

«-72 

0-00 

March  Ist,  1897     - 

»» 

„ 

O-Ofi 

1-08 

0-87 

0-lG 

..       2nd,    „ 

! 

*• 

^ 

„ 

- 

vm 

0-87 

0-18 

u       Srd,    M 

- 

1          »• 

»» 

„ 

1-08 

1-08 

0-87 

0-58 

.       4th,    „ 

1 

1          *• 

- 

„ 

0-90 

1'08 

0*84 

0-00 

,.       5th.    ., 

•          •                         ■ 

» 

n 

1'08 

1-08 

0*88 

0-55 

.,        Clh.    ,. 

« 

„ 

1-08 

1-08 

0-80 

0-00 

,.       7th,    „ 

- 

,. 

»» 

,. 

0-96 

1*08 

0-84 

0-09 

^       8th,    „ 

M 

„ 

u 

0-84 

1-20 

0-00 

0-00 

M       WI-,    „ 

. 

>. 

.. 

0-84 

1-22 

0»84 

0-00 

t.      10th.    „ 

M 

.. 

.. 

0-06 

1-22 

0-86 

0-lS 

..      11th.    .. 

• 

M 

., 

„ 

0-84 

1-22 

0-84 

0-04 

.      12th.    ,. 

.. 

., 

„ 

1-12 

1-24 

1-08 

0-5C 

M      131  h.    ,. 

• 

M 

„ 

„ 

riw 

1-23 

IMH) 

0-lC 

..      lUh.    ,. 

M 

„ 

,. 

O-JW 

1-20 

1-00 

0-00 

..      15th.    .. 

• 

». 

„ 

., 

li'Mt 

1-23 

I'OS 

0-85 

..      Iflth,    „ 

1 

., 

„ 

1M« 

1-2.3 

l-Clfi 

0-08 

p.     17th.    .. 

- 

,. 

,1 

., 

rw 

1-23 

1M18 

0-3S 

,.     18th,    „ 

„ 

„ 

„ 

1*08 

1-24 

0-116 

0-26 

„     19th.    „ 

- 

i                    ** 

n 

„ 

1-10 

1-24 

0-96 

0-22 

.,    2ath.  ,. 

•  * 

•» 

.. 

1-10 

1-24 

0*88 

0-08 

M      21lt      .. 

• 

J  :. ! 

**    i 

•' 

0-96 

l'«3 

0-88 

0-01 
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Table  LXXIII. 

Showing  the  Record  of  the  Ceibmical  Examination  of  Watbu  obtaiDed  from  the 
Town  of  Mossley  (Main  Water).  ^ 

Results  stated  in  Parte  per  100,000. 
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Table 
Showing  the  Record  of  the  Chbuical  Examination 

Results  state<l  in 


1 

Appeartince. 

Beitidue. 
Sli»Eht 

1 

Acid 

Besidue 
Evaporati 

on 
on. 

1 

IS 

• 

Ammonia 

Oxidised 

Nitrogen. 

Date  of 
Exami- 
nation.                               m,,». 
Colour.        i,J^i,y, 

j' 

1 
g 

v^      Albu- 
^^'   menoid. 

i 

• 

Total. .  ^„^2;: 

Oxygen 

required 

Ox^nir 

Matters  t 

100  i\ 

189R. 
Nov.      2 

Yellow    1      Dim 

11 

S 

6 

•oos 

•024 

•020 

Nil 

•47 

..       ..j           ..         ;         .. 

- 

" 

11 

6 

6 

•010 

•010 

•030 

•37 

1 

16 

'                       1 

" 

" 

12 

S 

7 

•014 

•014 

•oso 

•• 

•♦^ 

..20             ...     Vcrv 
cloudy. 

Abundant 

" 

14 

5 

9 

•oir. 

•047 

•053 

•• 

ri7 

27 

Turbid 

" 

16 

6 

10 

•010 

•072 

•066 

•• 

•22 

Dec.      4  ,          „         '    Clear 

Slight 

'. 

14 

9 

•006 

•007 

•070 

Traeo 

•15 

9             .,               Dim 

" 

" 

10 

6 

•0W5 

•074 

•036 

•• 

.g^ 

14             M         ,   Cloudy 

'• 

" 

9 

6 

•008 

•016 

•026 

Nil 

•16 

„       20 

»'■ 

f 

8 

4 

•012 

•006 

•089 

Trace 

•92 

1894. 
Jan.       2 

" 

" 

10 

6 

•007 

•014 

•033 

•• 

•2.5 

„       10 

1 

.• 

" 

10 

6 

•013 

•013 

•06C 

1 

•u 

„        18 

" 

.» 

9           4 

5 

•008 

•012 

•072 

•32 

..      20           ..       ;        .. 

•» 

" 

12           4 

! 

8 

•002 

•014 

•016 

- 

•17 

Feb.       1 

» 

" 

9 

8 

6 

•002 

•014 

•066 

« 

•.« 

9 

M 

» 

" 

9 

3 

6 

•005 

•006 

•072 

" 

•li 

10 

M 

" 

•' 

10 

4 

6 

•010 

•012 

•108 

.• 

•25 

„        20 

" 

« 

10 

6 

6 

•009 

•021 

•098 

.. 

•30 

..        27 

.»                  .» 

.» 

•' 

11 

6 

6 

•006 

•018 

•078 

Nil 

•IS 

Mnp.      G 

». 

** 

*. 

•' 

10 

R 

R 

•014 

•Oil 

•049 

if 

•25 

„        10 

!♦ 

*• 

»* 

" 

10 

6 

4 

•004 

•018 

•076 

*t 

•IS 

„       2JJ 

M 

Dim 

n 

" 

10 

4 

6 

•004 

•018 

•090 

Tracse 

•16 

M        31 

" 

J 

" 

*' 

9 

R 

4 

•002 

•014 

•040 

" 

•15 
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Lxxm. 

of  Water  obtained  from  the  Towk  of  Mosslby  (Main  Water), 
puts  per  100,000. 


Chk>- 
Tine. 


Hard- 


Totml. 


Dift- 
■olred 
Oxygen. 


!   Iron. 


Acidity  in  Terms 
n 


Plumbo-Mlventx  as  shown  by 

amount  of  Leaa  taken  up  in 

Samples. 

The  action  on  Lead  was 


required  to  Lead  Shot  at  the  rate  of  3  mins 


required   . 
I       neutralise 
100  c.e.  of  the 
"Water. 


1*2 

3-9 

1-02 

1-1 

3-4 

1-24 

Vi 

2*9 

1-32 

ri 

3*2 

138 

1-2 

3-5 

1-32 

ri 

3-2 

V4S 

V2 

1-17 

i-i   1 

1-28 

ri 

1-21 

11 

1-88 

1-1  t 

1*41 

i-s 

1-25 

11 

1-sa 

1-1 

1-29 

1-1 

1-24 

11 

1-25 

! .-, 

1-48 

i"i 

1*26 

1-2 

1-20 

1-2 

I'le 

1-2 

1-18 

VI 

117 

Prpaentl 


Nil 


Present 


0'64' 
•43 
0-40 
0-50 
0-50 
0*24 
0*70 
0*36 
0-36 
0*30 
0*36 
030 
0*30 
0*30 
0*24 
0*36 
0*38 
0*24 
0*88 
0'38 
0*30 
0*36 


the  rate  of  3  mins. 
per  60  C.C. 


Ist     2nd 
S0C.O.5OC.C. 


Srd  I  4th      6th    Aver- 
60  C.C.  50  c.c.'50  C.C.  age. 


Rainfall 

on  Swineshaw 

Gathering  Ground 

for  the 

Weeks  ende  1 


0*2  ,    0*4  1    1-0 


O'O       0*4  I    0*8 


'    0*2 

I    0*2 

'    0-2 

I    0*2 

0*2 

01 

0*1 

0*0 

0*0 

0-1 


0-2  !    0*4 


I 


0-1 
0*0 
0*0 
0*0 
0-0 
0*0 


0*4 
0*4 
0-2 
0*8 
01 
0*1 
0*2 
0*0 
0*1 
01 
01 
0*0 
0*1 
0*1 
0*0 


0*4 
0*8 
0*4 
1*0 
0*2 
0*0 
0*3 
0*1 
0-1 
0-1 


1*2 
0*6 
0*4 
0*6 
1*0 
0*2 
1*8 
0-3 
0*0 
0*4 
0*2 
0*2 


1*2 
0-8 
0*4 
0*8 
1*0 
0*2 
1-4 
0-3 
0*0 
0*4 
0*3 
0*2 


O'l  I    0*2 


0*1  '    0*1 


0*1 
0-2 
0-2 
0*1 


0-1 
0*2 
0*2 
O'l 


0*1  j    01 
0*1  I    0*1 


0*0 
0*0 


01 
0*1 


0*2 
0*2 
0*2 
0-3 
0*1 


1888.  Ins. 

Not.   4  -  1*05 

,.     11  -  0-23 

„      18  -  0*44 

„      26  -  2*01 


0*80 

0*68 

0*32 

0-44 

0*64 

0*24 

1*00 

0*20 

0*04 

0*28 

0*12 

0*16  I 

0*12  ; 

0*10  Feb.   3 

I  „    10 

I  .,    17 

0*06  M    24 

0*14 

0*16 

0*06 


Deo.   2  -  0*68 

,.      9  •  0*95 

»    16  -  1*61 

„    23  -  1*64 

„    30  -  0*57 


1894. 

Jan.   8  -  0*05 

„    IS  -  0*46 

„    20  -  1*47 

.,    27  -  1*07 


1*10 
2'66 
1*13 
0*48 


0-3  '    0*4 

i 
0*2  ,    0*4 


0*2 
0*2 


0-2 
O'S 


00     0*30  I  Mnr.   3  -  2*14 

„    10  •  2-ti-i 

.,    17  .  ri9 

0*4     0-21         „    24  •  004 

„    31  -  0-09 


0*4 
0*4 


0*18 


0*20  I 
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Colour. 
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.    I       Residue  on       I      ».«....: 
2  Evaporation.     I      Ammonia. 

o 


Table 


Oxidised 
Nitrogen. 


I      3  '  'S 


I 


%    1 


Oxjicen 
required 

for 
j  Ornnic 
p  aiou-     rp,-.,    ,  ABNi-    Mtfterat 

*^'"-    menoid.    ^"**'-      trite*.     lOflP  C. 


Albu 


1894. 
April     5 

Yellow 

Dim 

Slight 

Acid 

10 

3 

7 

•002 

•010 

•08!> 

Nil 

•27 

" 

12 

M 

ft 

" 

»• 

8 

3 

.1 

•oot 

•020 

•056 

>. 

•20 

M 

18 

- 

H 

n 

" 

f) 

4 

.*)• 

•oo« 

•Oil 

- 

Trace 

-.13 

May 

31 

" 

'• 

- 

" 

8 

Ti 

3 

•rw3 

•024 

•o« 

'♦ 

fa 

June 

6 

»• 

** 

" 

" 

ft 

.-i 

4 

•007 

•Oil 

•oai 

Nil 

•26 

" 

12 

M 

,• 

" 

8 

4 

4 

•008 

•010 

•043 

f 

•20 

$» 

10 

" 

*• 

»' 

«t 

8 

5 

8 

•008 

•016 

•086 

« 

•14 

« 

27 

•• 

.. 

- 

8 

fl 

2 

•007 

•0D8 

•040 

.. 

•11 

July 

4 

» 

•• 

- 

» 

4 

T) 

•007 

•010 

•OTS 

f» 

•18 

M 

10 

« 

»1 

•' 

.. 

- 

- 

- 

- 

- 

- 

- 

- 

•» 

16 

" 

M 

" 

7 

4 

3 

•004 

•OOP 

•oa2 

Nil 

•08 

" 

2i 

•' 

»i 

" 

*« 

8 

4 

4 

•012 

•014 

'im 

Nil 

•17 

*• 

»1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Aug. 

7 

Yellow 

Dim 

Slight 

Acid 

7 

- 

- 

•000 

•012 

- 

Nil 

•24 

>» 

1* 

"~ 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

J 
""      1 

- 

n 

21 

Yellow 

Dim 

Slight 

Acid 

7 

- 

- 

•014 

•012 

- 

1 

Nil  : 

•14 

" 

28 

M 

M 

10 

~ 

- 

•007 

•010 

- 

»» 

•18 

Sept. 

4 

•• 

" 

" 

7 





- 

•036 

•012 

- 

•16 

The  chemical  examination  of  thin  water,  so  far  as  widity  and  plumbo-solvency  are  concerned, 
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LXXIII.— ccm/iniifi/. 


I 


flohed       Iron. 
Oijgen. ' 


•  Acidity  in  Termi 
ofcc^NssCOs 

required  to 
neutraliie 
I     100  ex.  of  the 
Water. 


1-2         3'5  1'13     (Present 


VI 

5-4 

1-13 

VI 

8*5 

1*10      , 

vi 

S-B    ^ 

119 

VI 

$•5    I 

109      , 

1** 

3'9 

0-91 

VI 

3-4 

009 

vt 

*t 

0-77 

Vi 

3-5    1 

0-86 

ri         31  1*12       l»re«eiit| 

1*1         3-4         0*88        Traw 


VI        ii'i 


V\    I 


Tnicf 


Tnicr 


0'3U 
0*30 
0*36 
0*42 

0*42 
0-M 
0*48 
0*54 
0*48 
OflO 
0-42 
0-42 
0*42 
0-48 
0*48 
0*42 
U*42 
0*Wi 


Plnmbo-iiolvency,  m  shown  by 

amount  of  Lead  taken  np  in 

Samples. 

The  action  on  Lead  was 

tested  by  Upward  Filtration 

through  50  CO.  washed 

I<ead  Shot  at  the  rate  of  S  mitib. 

per  50  c.c. 


RainfRll 

on  Swineshaw 

Gathoring  Ground 

for  the 

Wcffks  ended 


Ist   2nd 
60  CO., 50  CO. 


Srd   4th   5th  jAver- 
50  C.C.  50  C.C.  50  0.0.  nge. 


0-1 
01 


0*1  .    0-2  I    0*3       0*4     0*22 

'      1      I      ' 

0-4  I    0*4       0-6       0*6     0-40 


1894.  Ins. 

April   7  -  0*51 

,.     14  -  0*43 

..      21  -  0*«» 

.,      28  -  0*57 


'    0*1  '    0*3  I    0*6  ,    05       0*6  '  «-40  , 


0*8  I    0-6  '    0-7 


0*8       0*»  i  0*( 


0'2  '    0*6       0*8  ,     0*9       0*9     0  08 

t  I  :      ' 

0*2  I    0-G  I     0*8  I    0-8  ;     1*U     OMiS 

III  I 

0*3  I    0*6  t    0*8  i    0*9  i    0-«     0'7u 


0*2  ;    0-3       0*6       0*7  '    0-8  '  0*58 


May  6 
..  12 
«  19 
..    26 

June  2 
»  9 
„  10 
„    28 

n     80 


0'62 
1*24 
0*18 
0*15 
0*87 
2*74 
1*07 
0*33 
0*18 


0*2  I    0*6       0*6 


0*1 
01 


0*5       0*7 


0-4 
0*3 


0*1       0*4 


0*7  I  0*8  I  0*38 
0*8  '  OH  0*69 
0*0  ■    00     0*41 


July   7  -  0  24 

„    14  -  0*48 

„    21  -  2*30 

,.    28  -  0*96 


0*5       00       0*7  !  0*42 


01 
«"0 


0*4 
0*2 


0-3  , 

1 

0*« 

0'({ 

0'12 

1 
0*0 

0-4  1 

0-8 
0*0 

0-9 

o-.s 

o-:o 

O'H) 

„      IH 
,.     23 

-    2*54 
•     1*40 
.    1-38 
.    1*33 

0*1       0*3       0-4  07  OS  OW 

I 

0*2  ,     0*4  I     0*7  j  0*8  OS  0  aS 

0*1        0*3  I     0*0  0*7  ,     OH  OT.O 


Sept.   1 

»      8 


0*08 
0*88 


'nt  ctnied  ont  beyond  Sept.  4  1894,   The  results  arc  giver  in  Tabic  LXXIV. 
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In  the  foUowing  table  f  (Table  LXXIY.)  all  the  records  as  rf^gards  acidiij  and 
plumbo-solvency  are  included : — 

Tablb  LXXIV. 

Showing  tlie  Results  of  the  Chemical  Bxamikation  of  the  Water  obtained  from 
the  Town  of  Mosslby*  (Main  Water)  as  regards  "  Hardness,"  Aciditt,  and 
Plumbo-solvbnt  Ability. 


1 


Ho»ley  Main  Water. 
Ashton.  Staljbridge,  and  Dnkinfleld  (District)  Waterworks. 


M   I 


Date. 


(Hardness 

I    (OaCO, 

I  Parts  per 

100.000). 


«^S  J5^  Plumbo-solvenqr  (Ri-ults  stated  as  PaHs 
tn  Terms  j^^  100,000).  The  action  on  Lead  was 
I  ^^  ^^-  tested  by  upward  nitration  through  fiO  cc. 
Reaction'  '^NatOO  ;      washed  Lead  Shot  at  the  rate  of  Smins. 


ith 
Lacmoid. 


10 

required 

tonen- 

tralise 

100  cc  of 

theWater. 


per  50  CO. 


1 

18»3. 
Nov.     2 

30 

A 

2 

„      10 

3-4 

3 

„      16 

2-9 

4 

.,      20 

3-2 

5 

,.     27 

3-5      ' 

6 

Dec.     4 

3-2 

7 

»     u 

80 

8 

,.      14 

3-8 

0 

„      20 

3*2 

W 

18M. 
Jan.     2 

4-6 

11 

..      10 

4-2 

12 

.,     18 

4-8 

13 

..     26 

3-8 

14 

Feb.     1 

4-9 

15 

9 

3'fi 

1(5 

M     1« 

8-8 

17 

,.      20 

3-5 

18 

..     27 

30 

lU 

Mar.    6 

1 
4-2 

20 

„     10 

3-5 

21 

„     22 

3-5 

22 

..     31 

4-2 

23 

April   5 

8-5      1 

24 

»      12 

3-4      1 

1 

26 

„      18 

8-5      1 

26 

May  31 

3-8 

1 

Acid. 


0*54 
0-42 
0*40 
0*60 
0*60 
0*24 
0-70 
0*36 
0*36 

0*80 
0*86 
0*30 
0*80 
0*30 
0*24 
0-80 
0*36 
0*24 
0-36 
0*36 
0*30 
0*36 
0*30 
0*30 
0*36 
0-42 


Ist 
60  CO. 

2nd 
60  cc. 

Srd 

60  0.0. 

0-2 

0-4 

1-0 

0-6 

0*4 

0*6 

0*2 

0*2 

0*4 

0*2 

0*4 

0*4 

0-2 

0*4 

0-6 

4th    ,    6th 
60  cc   60  cc 


Averaffc 


Rsinlall  on 

Swineshaw  Qathennf 

Groand  for  the 

Weeks  ended 


0-2 
0*2 
01 
01 

0*0 
0-0 
0-1 
0-1 
0-0 
0-0 
0*0 
0-0 
00 
0-1 
0-1 
0-0 
0*0 
0-1 
0-1 
0*1 
0-8 


0'2    I     0*4 


!    0*8 

I 

I    0*1 

0*1 

:  0-2 

0*0 
0*1 
0*1 
0*1 
0-0 
0*1 
0-1 
00 
0-1 
0*1 
01 
0*1 
0*1 
0*4 
0*8 
0*6 


10 
0*2 
0*0 

0*3 
0*1 
0*2 
0-1 
0*1 


1*2 
0*6    ' 
0-*    I 
0*6    I 
1*0 

1*6    I 

0-8  ; 

0*0    I 

0*4    I 

0*2 

0*2 

01 

0*1 


0*1    '    0*1 


0-2 
0*2 


0*2 
0-2 


1*2 

0*6 

0*4 

0*6 

1*0 

0*2 

1*4    I 

0-3 

O'O    ' 

0*4     I 

0*8 

0*2 

0*2 

0*2 

0*2 

0-2 

0-3 


0*80 
0*66 
0-82 
0*44 
0*04 
0*24 

roo 

0*20 
0*04 

0-26 
0*12 
0*16 
0-12 
010 
0-OS 
014 
0-16 


0*1 

c-1 

0*1 

0-06    1 

0*3 

0*4 

0*6 

0*80 

0-2 

0*4 

0*4 

0*24 

0-2 

0*2 

0*4 

0-18  ; 

0-2 

0-3 

0-4 

0*20 

0*2 

0-8 

0-4 

0*22 

0-4 

0-6 

0*6 

0*40 

0*6 

0*6 

0*6 

0-40 

0*7 

0-8 

0*0 

0*66 

November  18»3. 
4ih.  lltb,  18th.  2Sth. 

Inches. 
1*06,  0-S8.0'44k  2*01. 


December  188&. 
8nd,9tb,lfltl|.2Srd. 

80th. 

Inohea. 
0-68,  0-06b  1*51.  1*54. 

0*67. 


luarylaM 
6th.  ISth.dOtii.  27th. 

Inches. 
0*06. 0*46»  1*47. 1*07. 


yebruary  18»4. 
3nl.  lOth.  17th.  84ih. 

Inches. 
1*10. 2'68»  1-18.0*48. 


March  ISM. 
3rd.  lOOi.  17th,  24th, 
81st. 

2*14^  2-64,  I-IP.  0*04. 
0-00. 


April  1894. 
7th.l4th.nst,2Stb. 

Inches. 
0*61. 0*48.  O-Si  0-57. 


MaylSM. 
5th.  12th.  19t;h,  Sttb. 

Inches. 
0-68.1-24,0*18.0-15. 


*  The 
*'  treatment 
Swineshaw 


town  of  Mossley  is  supplied  wi:h  water  from  Loww  Swmeshaw  Reservoir.  Prior  to  De 
eit^  of  tfi^Srwssm  operation.  After  that  date  and  up  to  the  preswit  (1897).  the  watw 
law  hss  been  "treated  **  with  whiting,  about  1*  (n»ins  t«  1  gallon  of  water. 


Prior  to  December  1894  no 
•nteriair  lu^wer 
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Tablk  LXXIV. — coniinved. 


2  l)»lf. 


Monley  Main  Water. 
Ashton.  Staljbridge,  and  Duki'  field  (District)  Waterworks. 


in  Tlim.    Plumbo-aolveticy  (Results  stated  as  Parts 


*?S^^i£t'   Lnonioid.    required  , 


of  C.C. 
*.Na^O, 


ir  100,000).    The  aclion    on   Lead  was 


Kahifall  on 


per  xuv,uuuj.  iiiij  action  ou  ueau  was  u.„;„„„i.„.„V>-4 !.«-:„« 
tested  by  upwanl  filtration  through  60  cc.  i^^S^"^* J  £r  nf/"^ 
washed  Lead  Shot  at  the  rate  6f «  miiis.        ^IS'^"^/f*L*if 


pi-r  60  c.c. 


100,000). 


toneu- 
I    trali.«6 
;  100  O.C.  of 
theWater. 


1st        2nd  I    3rd       4th 
60  C.C. !  50  c.c.   60  C.C.    SO  c.c. 


W«  eks  ended 


6th 
60C.C. 


Avera^. 


1«W. 

t: 

June   6  ' 

3-3 

?s 

„     12 

3-9 

» 

„     19 

.r4 

» 

„     t!  , 

4*2 

51 

Jaljr    4 

3-5 

» 

M      10 

— 

3 

.     18, 

31 

SI 

»     U 

3-4 

-15 

.     61 

— 

if) 

Aug.    7 

3-5 

57 

..     14 

- 

.?* 

..    a 

2-8 

3» 

.     28  • 

«-5 

40 

Sept.    4^ 

2-8 

41 

.     11 

2-8 

42 

»     18  . 

8-6 

43 

.     »i 

3-2 

44 

Oct     2  , 

8-2 

13 

n        10 

2-8 

46 

"        1« 

2-8 

47 

.     23 

81 

is 

.     30 

3-6 

tti 

Xov.    ♦) 

8-8 

:*t 

,     13 

8-0 

ji 

,     10 

3-8 

.'i 

..     27 

3-6 

«3 

'Dec.  4 

4-1 

>! 

„     11 

3-5 

a 

»     18 

3-6 

:£ 

n     24 

1»5. 

80 

37 

Jin.    n 

41 

its 

.     16. 

8-9 

S3 

..   n 

3-9 

^ 

,     31 

3-8 

I 


A<id 


0*42 
0*64 
0*48 
O'M 
0*48 
0*60 
0-42 
0*42 
0-42 
0*48 
0*48 
0*42 
0'42 
0-86 
0-42 
0*48 
0-48 
0-48 
0*48 
0*42 
0'36 
0-86 
0-42 
0'S6 
0-30 
0-SO 
0-30 
0-36 
0  36 
0*24 

0*80 
0-24 
Trace 
0-24 


0-2 
0-2 
0-3 
0-2 
0-2 
0-1 
0-1 
0-0 
0-1 
01 
00 
0-1 
0-2 
0-1 
0-2 
0-2 
0-8 
0-2 

:  0-1 

I 

!    0-2 

0-1 

00 

0-1 

0-0 

I    0-1 

0-1 

I 

01 
0-0 
0-2 
O'l 

0-1 
0-0 
0-0 
0-0 


o-« 

0-6 
0-6 
0*6 
0-5 
0-5 
0-4 
0-3 
0-4 
0*4 
0-2 
OS 
0-4 
0-3 
0-6 
0-4 
0-7 
0-6 
0-4 
0-6 
0-4 
0-1 
0-4 


I    0-8     I 

0-8    I 

0-8    I 
I    0-6    I 

0*6    I 
I    0-7 
I    0-6    I 

0*5 

0-5 

0-6 

0-4 

0-4 

0-7 

0-6 

0*6 

0-6 

0-8 

10 

0-7 

0-8 

0-6 

0*2 

0-5 


0-3 

0-5    . 

0-4 

0-5 

0-4 

0-6 

0-2 

0-4 

OS 

0-4 

0-4 

0-7 

0-3 

0-6 

0-6 

0*6 

0-4 

0-6 

0-7 

0-8 

0-6 

10 

0-4 

0-7 

0-6 

0-8 

0-4 

0-6 

0-1 

0-2 

0-4 
01 
0-1 
0-4 
0-2 

01 
0-1 
00 
0-1 


01  I  0-3 
0*2  j  0-8 
.0-4 
I     0-2 


0-0 
0-8 
0-9 
0-7 
0-7 
0-8 
0*6 
0-6 
0-6 
0-8 
0-6 
0-7 
0-8 
0-7 
0-8 
0-8 
0-9 
1-0 
0-8 
0-0 
0-8 
0-4 
06 
0-6 
0*4 
0-4 
0-2 


o-o 

1-0 
0  0 
0*8 
0-8 
0*8 
0-6 
0-7 
0-G 
0-9 
0-8 
0-8 
0-8 
0-8 
0-8 
0-9 
0-9 
1-2 

ro 

1-0 
0-8 
0-5 
0'« 
0-0 
0*4 
0-6 
0-4 


O'l 
0-6 
0-2 

0-2 
0-1 
0-0 
0-1 


0-2  I  0*2 
0-8  I  0-8 
0*3    !    0-4 


I 


0-2 
0-1 
01 
0-1 


0-3  > 
0-2  I 
01     , 


0-08 
0-68 
0-70 
0-68 
0-68 
0-60 
0*44 
0*42 
0*42 
0-56 
0-40 
0*46 
0*68 
0*50 
0*68 
0*68 
0*70 
0-80 
0-60 
0-70 
0-54 
0-24 
0-44 
U-30 
0-28 
036 
0-20 
0-12 
0-56 
0-24 

0-18 
010 
0-04 


June  1894. 
2nd.  9tb.  letb.  28rd. 
80th. 


0-87,  2-74.  1*07.  OM. 
0*18. 


July  1894. 
7th,  14lh,  2l8t,  28th. 


0*24^  0*48. 2*80,  0*96. 


Augu 
4th.  lUh.  18th.  26th. 

Inches. 
2*64. 1*40. 1*82, 1*83. 


September  1894. 
1st.  8th,  16th.  22ttd. 

29th. 

Inches. 
0*06.  0*38.  Nil.  0-46. 

0-19. 


October  1894. 
6th.  13th,  20th.  27th. 

Inches. 
0*16, 0*66, 1*68, 3-49. 


I      November  1894. 
3rd.  10th.  17th  24tli. 
Inches. 
!  1*60, 1*40, 1*28, 0*19. 


I     December  1804. 
I  l8t.  8th.  16th.  22nd. 
20th. 

Inches. 
0*06,  0*86^  1*84,  2*41, 
0-44. 


Jsnuary  1896. 
6lli.  12th.  19th,  26th. 

Inches. 
0-28,  Nil,!  04. 1*22, 


0*3    I      010    I 


*  Sse  note  *  on  preceding  page. 
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Table  LXXIV. — continued. 


Moaley  Mmu  Water. 
Aahton.  Staly bridge,  and  Ihikinfleld  (District)  Walcrworks. 


DuW. 


I  Aciditj' 
in  Terms 

tralise 


Piuinbo-iiolvency  (ReHulls  stated   an  l^aris  Vninralloti 

per    lOO.JiOtt).     Th«  action  on  Lead  was  Cwin^JulwO^lli*! in- 
tested  by  upward  filtration  through  60  c.c.        JSSSJ  toTihl 
washed  Lead  Shot  at  the  rate  of  S  niins.        ^^oana  lor  tne 
per  50  CO. 


Weeks  ended 


;  100  ex  of      1«^        *"<*       ^^       *^**       **'** 
theWaterJ  W  C.O.  fiOcc.  60c.c.  60c.c.  50  cc. 


Average.) 


1896. 

Gl 

?eb.  12 

41 

1     Acid     : 

0*24 

O'O 

0-0 

0-0 

O'l 

O'l 

0*04 

Febmanr  1886. 
2od,  9th,  iJth.  83rd. 

62 

S'6 

1 

0-30 

00 

0-1 

O'l 

O'l 

O'l 

0-08 

Incboi. 
NU.Nil,NU.0'05. 

03 

.      26 

41 

„ 

0-18 

01 

0-1 

O'l 

O'l 

01 

O'lO 

64 

Mar.    5 

6-2 

•• 

0-80 

0-0 

0-0 

01 

O'l 

0'2 

0-08 

MarehiaSS. 
2nd.  nth,  leth,  88rd. 

65 

..      12 

5*2 

" 

0-24 

0-0 

0-1 

0-1 

0'3 

0'2 

0'1« 

80th. 

Inches. 

66 

M             li) 

4-8 

" 

0-24 

0-1 

0-1 

0-1 

0'2 

0-2 

0-14 

0'88,  0-8L  0'17.  !•». 
1-90. 

67 

,.      26 

*-9 

f* 

0-24 

0-1 

0-2 

0-2 

0'2 

0'8 

0-20 

68 

April    3 

50 

1  Ft.  acid 

0-24 

0*0 

O'O 

0*1 

O'l 

O'l 

0'06 

AprillSW. 
6(h.  18th.  80th.  87th. 

m 

«      11 

6-2 

w 

0-24 

00 

00 

O'l 

O'l 

O'l 

0-06 

Inches. 
1-16.  NU.  8-26^  0-74. 

70 

,.     17 

6-2 

M 

0-24 

Trace 

0-1 

O'l 

0'2 

0'« 

0-12 

71 

.,      23 

4-6 

„ 

0-24 

0-0 

0-0 

O'l 

02 

0'2 

010 

72 

-      30 

40 

1                         „                    ■ 

0-24 

0-1 

01 

0-2 

0-2 

0-3 

0-18 

73 

May    7 

5-2 

.. 

0-24 

0-1 

0-2 

0-2 

0'2 

0'3 

0'20 

May  1886. 
4th.llth,18tli.«Sth. 

74 

..      14 

5*0 

'• 

0-24 

0  1 

0-1 

0-2 

0'2 

0  2 

0'16 

Inches. 
0-68,  Nil.  0-06»  0-71- 

76 

M       21 

6-3 

1 

0-24 

0*1 

0-2 

0-2 

0'2 

0'2 

0'18 

76 

»      28 

4-8 

'                          „ 

0-24 

O'l 

f-2 

0-2 

0-2 

0'2 

0-18 

77 

June    4 

5-0 

' 

0-24 

0-1 

0  i 

0-1 

01 

0-2 

0'12 

Janel88B. 
ist  8th,  16th,  tSnd. 

78 

«      11 

5-2 

Acid     > 

0-36 

0-1 

0-2 

»'2 

0'3 

0-3 

0-22 

89th. 

Inehfls. 

7» 

„      18 

5-2 

"      ! 

0-30 

0-06 

0-1 

O'l 

O'l 

01 

O'OO 

0-46,0-08.  0-18.  0-06, 
2-80. 

80 

,.      25 

4-9 

1 

0-.10 

0-1 

0-2 

0-2 

0'2 

0-3 

0-20 

81 

July     2 

4-0 

o-.w 

0-1 

0-2 

0-2 

0'2 

0'3 

0'20 

Jaly  1886. 
6th.  18th.  80th.  27ih. 

82 

J» 

4'U 

'  Ft.  acid 

0-2i 

OM) 

01 

0-1 

01 

01 

0'08 

Inches. 
1-01,0'91. 1-98, 5*25. 

83 

M        16 

4*6 

Truce  acid 

«-18 

0*0 

0-0 

O'l 

O'l 

O'l 

0'06 

81 

..      23 

4-tf 

„ 

0-w 

0-0 

0-1 

O'l 

O'l 

O'l 

008 

85 

Auk.    2 

49 

» 

0-16 

00 

0-0 

0-1 

O'l 

01 

006 

August  1895. 
3rd.l0tii.  I7lh.24th. 

86 

„       7 

4-6 

Acid 

0'3l) 

OCl 

01 

01 

0-2 

0-2 

014 

Slst. 

Inches. 

87 

„      13 

4-6 

Ft.  acid 

0-24 

0-1 

0-2 

0-2 

0-2 

0*3 

0-20 

0-28.  l-$4»  1-86.  O.-.I. 
2'46. 

88 

M      20 

4-9 

Acid 

0-30 

O'O 

0-1 

0-2 

0*2 

0  3 

0-16 

«!» 

,.     i7 

.j-O 

„ 

0-36 

0-1 

0-2 

02 

0-2 

0-3 

0-20 

no 

Sept.    3 

4-9 

•' 

0-30 

0-2 

0-2 

0-8 

0  3 

0'8 

0-26 

7th.  14th.  81st.  28tli. 

Ul 

„      25 

4-9 

»i 

0-30 

00 

0-1 

01 

O'l 

0-2 

O'lO 

Inches. 
1-25. 0'70.  nil.  nil. 

1»2 

Oct.     9 

4-9 

i  Ft.  acid 

0-24 

0-0 

0-1 

O'l 

O'l 

0-1  * 

008 

October  1«9S. 
5th,  12th.  19Ui,2(:ili. 

93 

„       18 

i-9 

V.ft.  trace 

0  18 

Traces. 

Inches. 

acid. 

2-2*.  0*86, 0-84. 0'lV'*. 

Ufc 

..      23 

4-9 

Traccacid 

0-24 

0-0 

0-1 

01 

O'l 

O'l 

0'08 

U5 

M      2i> 

.VI 

.. 

O'lR 

0  0 

O'O 

0-1 

O'l 

O'l 

0'06 
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Tablb  LXXIY, -continued. 


Monlar  Main  Water. 
Aihton,  8talybridge»  and  Dakf 


inlleld  (Diatriot)  Waterworks. 


(OaOQi 
Parte  per 


Beaeiioii 

with 
Lacmoid. 


Acidity 

in  Terms 

of  C.C 

required 

tenen- 

tralise 

100  0.0.  of 

tfaeWater. 


Plnmbo-eolTenoy  (Sesnlte  stated  aa  Parte 
per  100,000).  The  aotion  on  Lead  waa 
tested  by  upward  filtration  through  BO  co. 
washed  Lead  Shot  at  the  rate  of  8  mins. 
per  80  0.0. 


Bainfallon 

Bwineshaw  Gatherinf 

Ground  for  the 

Weeks  ended 


1st 
SOao. 


8nd 
50  CO. 


8rd 

00  CO. 


4th 

50  CO. 


5th 
60  CC 


Average. 


6*S 


Tit.  trace 
acid. 


Si.aoid 


Ft.  trace 
acid. 

Trace 


81.  add 


FTiaee 

add. 

V.ft.  trace 

add. 


Ft.  add 


0*18 
0*18 
0-18 
0-18 
0-18 
0-80 
0*84 
0*18 

0*84 
0*84 
0*84 
0-80 
0*80 
0-80 
0*18 
018 
0-18 
0-18 
0-84 
0*84 
0*84 
0*84 
0*18 
0*18 
0*18 
0-18 


0-1 
0-1 

0-1 
0*1 
01 
0*0 
0*1 
0*1 


Traces. 
Traces. 
Traces. 
Traoeii. 

Traces. 


0-8 
08 


0*8 
0*8 


0*8 
0*2 


Traces. 


0*8 
0*8 


0-0 

0*0  i 

'    0-1 

0-0 

0*0 

0*1 

0*0 

0-0 

0*1 

0-0 

0-0 

0-1 

0*0 

00 

0*1 

0*0 

0-0 

0-1 

0-0 

0*1 

0*1 

0*1 

0*1 

0*8 

0*0 

0-1 

0*1 

0-0 

00 

0*1 

0*1 

0*1 

0*1 

0*1 
0-1 
0-1 
01 
O'l 
0*1 
0-1 
0*2 
0*1 
0*1 
0*1 


0*1 

0-1 

01 

0-1 

0*1 

.0*1 

01 

0*1 

0*1 

0*1 

0-1 

0*1 

0-1 

0-8 

0*8 

0*8 

0*1 

0*2 

0*8 

0*8 

0*3 

0*8 
Ti 

0-3 
aces. 

0*8 

018 
0-80 

0-10 
0*10 
O'lO 
0-14 
0*16 


November  1896. 
8nd,  9th.  16th.  88rd. 
SOth. 


0-1 

1  """  1 

006    , 

0*1 

0-06    ! 

0-1 

0-06 

0*1 

0*06 

0-1 

0*06 

0-1 

0*06 

0*8 

0*10 

0-8 

0-n 

01 

0*06 

0*1 

0-06 

0*1 

0*10 

0-80. 0-60, 1*61,  0'4»« 
0*80. 


December  1896. 
7th.  14th.  21st,  aath. 

Inches. 
1*78, 1-91. 0*02. 0*61. 


January  1896. 
4th.  nth.  18th.  86th, 

Inches. 
0-88.  0-10. 1-28, 0*46. 


'       Jfebmanr  li 

I  tet,  8th,  16th.  28nd. 

>     29th. 

Inches. 
0-84. 0-66, 0*17.  0*28. 
2-96. 


lfarchI896. 
7th,  14th.  21st,  28th. 

Inches. 
2*42, 1-02.1-01, 1-64. 


April  1896. 
4th,  nth.  18th,  26th. 

Inches. 
0*19, 0-62, 0-80, 0*16. 


Hay  1896. 
2nd.9th.  16th,  2Srd« 
80th. 

Inches. 
0*7<^  nil,  nil,   0*88. 


E    98614. 
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Table  USSY.— continued. 


Deeoription 

oftheSimiple 

ofWatef. 

Date  and  Hour 

of  testing  the 

Sample  of  Water. 

The  Water  was— 

Beaction  with  Lacmoid. 

1 

Un- 
treated. 

Treated 

with 

GaCQ. 

atentiy 

into 

Lower 

Swine- 

shaw 

Beser- 

voir.; 

Dis- 
tinctly 
Acid! 

"^^ 

Neutral 
or  only 

Add: 

8S 

MoMley 
water,  Ac— 
conttnued. 

1894 
Dec.  17. 10  a.m.   - 

.     18.  4  p.m.  - 

Treated. 

M 

DistincUy 
Acid. 

- 

- 

S0 

,.     10.  0  a.m.  - 

— 

M 

w 

— 

— 

M 

M     20.11    ..      - 

- 

n 

f» 

— 

— 

S7 

«     21.10    «      - 

— 

i. 

** 

— 

— 

38 

..     28.  4  p.m.  - 

- 

t. 

t. 

— 

— 

S9 

M     28.10  a.m.  - 

- 

n 

., 

- 

— 

40 

u     24.10    .,       - 

- 

(* 

w 

— 

— 

41 

..      25.  9    ..       . 

- 

»■ 

w 

— 

— 

41 

«      26.11    H       - 

«» 

M 

— 

- 

43 
44 

n     27.10    H       - 
..     28.12  p.m.   - 

_« 

M 

tl 

: 

"■ 

43 

»     29.  9    «       . 

- 

M 

— 

m 

— 

46 

..     80.   4    „       . 

- 

M 

— 

m 

- 

47 

..     81.  9  a.m.  - 

- 

.. 

— 

,. 

- 

48 

' 

1895. 
Jan.    1.10  a.m.  • 

— 

j^ 



n 



40 
30 

n 

2,  8  p.m.  • 

„       8,10  a.m.  - 
..       4,11    „      - 

- 

i» 
M 

- 

Slightly 
acid. 

w 

Neutral 
or  only 

foinSy 
Add. 

32 

,.       3,10    ..       - 

- 

M 

— 

M 

- 

33 

..       6.10    ..       - 

- 

M 

— 

M 

- 

34 
33 

.       7.10    ..      . 
..       8.10    ..       . 

N 
M 

Neutral 
or  only 

fSSly 

Add! 

•• 

36 

..       9.  6  p.m.  - 

— 

t« 

— 

— 

■• 

37 

..     10.10  a.m.    - 

— 

»» 

— 

— 

H 

38 

30 

»     11.10   ..      - 
M     12,12  p.m.  - 

: 

M 
M 

— 

Slightly 
acid. 

m 

: 

60 

»     13.10  a.m.  - 

— 

M 

— . 

n 

— 

61 

..     14,  3  p.m.  - 

— 

w 

— 

n 

— 

es 

H     15.10  a.m.  - 

— 

tt 

— 

m 

68 

«     16,11  „      - 

— 

«* 

— 

„ 
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Tablk  LXXV. — continued. 


Dewription 

oftheftimple 

of  Water. 

Bate  and  Hour 

of  testing  the 

SampleofWater. 

The  Water  wa«- 

Reaction  with  Laemoid. 

i 

Un- 
treated. 

Treated 
with 
CaCO, 

at  entry 
into 
Lower 
Swine- 
■haw 
Sewr- 
yoir. 

I 

Difl. 

tinotly 
Acid. 

Slightly 
iTcid: 

Neutral 
or  only 

ft^ly 
Acid. 

M 

Mo«l<7 
water.  Ac.— 

1885 
Jan.  17^0  a.m.  - 

«     18.  9   «      - 

- 

Treated. 
•* 

- 

Slightly 

add. 

»» 

- 

06 

„     19,  4  pan.  - 

— 

.. 

- 

.. 

- 

OB 

• 

„     ao,10a.m.  - 
u     21.10   „      - 

n 

Neutral 
or  only 

ftdn^ 
Add. 

m 

..     22,  4  p.m.  - 

- 

,. 

— 

- 

»» 

90 

„     28.10ajn.   • 

- 

— 

Slightly 
add. 

- 

n 
n 

•  24,10   ^      . 

•  25,10    „      - 

Neutral 
or  only 

» 

73 

„     9^  4p.m.  - 

- 

.. 

- 

~ 

M 

H 

n     27.  9  a.m.  - 

- 

M 

— 

- 

,» 

n 

M     28.10    ..      - 

- 

•• 

- 

- 

•» 

n 

„     89.  4pjn.  - 

- 

W 

- 

- 

f» 

n 

..     90.10  a.m.  - 

- 

.. 

- 

- 

.» 

78 

«     81,  8  p.m.  • 

- 

.. 

- 

- 

„ 

79 

Feb.     1.  9ajn.  - 

- 

M 

- 

M 

W 

«       2.11    .      ■ 

- 

M 

i       - 

- 

.. 

n 

..       8.10   ..      • 

- 

» 

,       — 

- 

W 

n 

.,      ^  Ipan.  - 

- 

»* 

i   - 

- 

M 

<s 

„      MOajn.  - 

— 

«* 

-- 

- 

*t 

M 

n          6.10     ..         - 

- 

*• 

1 

- 

** 

» 

«       7.10    ..      - 

- 

.. 

1   

— 

•» 

as 

„       8.  8p.ni.  - 

- 

W 

- 

— 

w 

•7 

«       9.  8    „      . 

- 

«. 

- 

- 

■• 

IB 

«     10,10  a.m.  • 

- 

M 

- 

- 

11 

m 

..     11.  4  p.m.  - 

- 

.. 

- 

- 

r» 

90 

..     12.  7    ..      - 

- 

M 

— 

- 

>* 

91 

..     18.12p.ro.   • 

- 

»» 

- 

- 

n 

91 

..     14  lla.m.  • 

- 

.. 

— 

— 

» 

90 

• 

.     „     15*  6  p.m. 

— 

" 

— 

— 

.» 
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The  foregoing  table  shows  the  results  of  the  examination,  as  regards 
aciditj  and  plumbo-solvent  ability,  of  the  "  inlet  **  water  to  and  the 
*^  outlet "  water  from  Sheephouse  Reservoir.  It  is  to  be  noted  that  all 
the  samples  of  '<  outlet "  water  were  very  acid  and  acted  strongly  on  lead. 
The  *' inlet"  was  usually  also  very  acid  and  possessed  of  strong  plumbo- 
solvent  ability  ;  but  some  times  the  sampieis  were  only  feebly  acid  and 
dissolved  lead  to  a  correspondingly  slighter  extent  than  was  otherwise 
the  case.  As  the  inlet  water  referred  to  is  the  only  water  gaining 
access  to  Sheephouse  Reservoir  the  results  are  of  considerable  interest. 
On  other  occasions,  the  inlet  water  was  more  acid  than  the  outlet 
water,  and  also  acted  more  markedly  on  lead.  The  experiments  cover  a 
period  of  about  nine  months,  viz.,  from  June  30th,  1896,  to  March  2drd, 
1897.  They  illustrate  very  well  a  point  on  which  great  stress  has 
been  laid  iu  Volume  I.,  namely,  that  at  times  the  inlet  water  to  a 
reservoir  may  be  much  less  acid  and  [Ktssessed  also  of  far  weaker  solvent 
action  on  lead  than  the  water  in  the  reservoir  itself.  At  other  times 
the  conditions  may  be  reversed,  t.e.,  the  inlet  water  may  be  more  acid 
and  possessed  of  a  higher  degree  of  plumbo-solvency  than  the  reservoir 
water.  The  former  of  these  opposite  conditions  is  apt  to  hold  with  a 
water  small  in  bulk  (dry  weather  flow)  and  the  listtter  with  a  oom- 
fiaratively  large  volume  (storm  water). 

There  remains  for  consideration  Settle  Peat  Pool  water.  This  water 
was  derived  from  a  pool  in  the  peat  on  moorland,  in  the  neighbourhood 
of  Settle.  The  results,  as  regards  acidity  and  plnmbo-solveocy,  are 
shown  in  the  following  table  (Table  LXXVII.)  :-— 

Table  LXXVII.      ' 
Showing  the  Amount  of  the  Acidity  and  the  Plumbo-solvunt  Ability 
of  Water  obtained  from  "  Settle  Peat  Pool."  . 

Sbttle  P«at  Pool  Watbr. 


DaU\ 


January  19. 18M 
January  22, 18M 
January  2S.  18M 
January  25. 18M 
January  29. 1894 
January  SO.  1S94 
February  S,  1894 
February  6, 1894 
February  8. 1894 
Febmaiy  1^  1894 
Februaiy  24. 1694 
February  28, 1894 
March  2, 1894  - 
March  9, 1894  • 
March  19. 1894  • 
June  6, 1894      - 


Acidity 
in  Terms  of 

c.c.2oNa«CO« 

required  to 

neutxalise 

100  CO.  of 

the  Water. 


0*48 
0*96 
1-30 
0*48 
1-08 
0-48 
0-86 
0-S6 
0*36 
0*84 
0-60 
O'OO 
0*00 
0*80 
006 
048 


Plumbo-flolvent  ability  tasted  by  upward 
filtration  through  60  cc.  washed  Lead  Shot 
at  a  uniform  Rate  of  3  minutes  per  00  cc. 
(Results  stated  as  ParU  per  IQMOO.) 


Ist 
60  CC. 


0-4 
0*6 
0-6 
0-1 


2nd 
60C.C. 


0-8 
1-8 
2-0 
0-5 


8rd 
50  CC. 


1-0 
2-2 
2*2 
0-5 
No 
No  record. 


4th 

60  CC 


10 
2-2 
2-2 
0-5 


6th 
50  o  A 


Awenf^ 


ro 

2-2 
2-2 
0-6 


00 

0-1 

0-5 

00 

0-1 

0-8 

01 

0*2 

0-6 

1-4 

0*4 

1-0 

0-4 

0-9 

©•2 

0*4 

0*4 

1-0 

0-8 

ri 

1-2 

o-o« 

0-2 

OS 

0-2 

0-2 

0-84 
1-80 
1-84 
0-88 


0*80 
0-18 
0-86 
1-40 
1-00 
0-94 
.0*80 
114 
1-12 
016 


*  The  water  was  tnrbid  and  had  to  be  filtered  before,  the  plumbo-solTent  abfUigr  could  be 
tested.   Filtration  lemens  the  power  of  acting  on  lead. 
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These  results  show  that  the  water  was  always  acid  and  dissolved 
lead  to  a  comiderable  extent.  The  acidity  varied  from  time  to 
time,  and  the  plambo-solvent  ability  may  be  said  broadly  to  vary  in 
txHTespondenoe  with  the  degree  of  acidity. 

Passing  now  to  the  effect,  as  regards  plumbo-solvency,  of  the  addition 
to  moorland  waters  of  varions  substances,  and  of  placing  moorland  waters 
under  a  number  of  different  conditions,  it  should  be  noted  that  the 
question  of  the  relation  of  acidity  to  plumbo-solvent  ability  is  not  lost 
sight  of ;  but  on  the  contrary  is  illastrated  in  a  striking  manner,  and  in 
a  variety  of  ways  throughout  the  tables  about  to  be  considered.  At  the 
same  time  the  results  dealt  with  in  the  various  tables  will  be  found  to 
bear  more  or  less  directly  on  the  question  of  the  best  remedial  measures 
to  be  adopted  in  order  to  correct  the  acidity  and  plumbo-solvent  ability 
of  moorland  waters. 

In  Tables  LXXYIII.  and  LXXIX.  the  effect,  as  regards  plumbo- 
solvency,  of  keeping  Shipley  and  Mossley  waters  in  partially  filled  and 
unstoppered  bottles  is  set  forth  in  detail. 


Table  LXXVIII. 

Showing  the  Effbct,  as  regards  Flumbo-solvency,  of  keeping  Shipley 
Water  in  Pabtiallt  Filled  and  Unstoppered  Bottles. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  oC  3  minutes  per  60  c.c] 


1 

Deicriplion  of  Experiment. 

Action  on  Lead  (Results  stated 
Parts  per  100.000). 

lis 

1 

Ist 
SOcc. 

2nd 
SOcc. 

Srd 
60  CO. 

4th 
60  CO. 

5th 
60  CC 

Average. 

1 

Shipley  water,  April  3rd,  1894 

2-0 

:      1 

2-5        3-0        3-0 

1 

3-0 

2-70 

after  60  days 

2-0 

3-0 

30    1    30 

30 

2*80 

t 

..       AprU9th.l894 

1-0 

2-6 

3-0    1    3-0 

SO 

2*50 

,.       after  80  days        -       -       - 

1-6 

SO 

3-0    !    30 

30 

2-70 

s 

,.       May  28th,  1894 

1-0 

2-0 

20 

2-0 

30 

2-00 

„      afterlSdays 

1-5 

20 

3*0 

80 

30 

2*60 

4 

Jane  nth,  1894 

1-5 

S'O 

80 

30 

4-0 

2-90 

M          „       after  24  days 

2-6 

S'O 

3-5 

3-6 

40 

8*30 

^      after4Sdays 

s-o 

3-0 

3-6 

3-5 

3-6 

3' 10 

after  61  days 

1*6 

3-0 

S'O 

8-0 

4*0 

2-90 

ft 

„       June  18th.  1894 

1-5 

3-0 

3'5 

40 

4*0 

3*20 

afterSOdays       -      -      - 

1*0 

2-0 

2'6 

2*6 

20 

200 

after  114  days 

0-75 

1-5 

1-75 

2-0 

2-25 

1-66 

6 

,.       June  25th,  1894  -       -       - 

2-0 

SO 

30 

3-6 

3*0 

2*00 

„          „       after  82  days- 

0-6 

2-0 

2-5 

30 

3-0 

2-20 

after  235  days     - 

0-6 

1*0 

1-26 

1-26 

1-26 

1-06 

1 

„       July  2nd,  1S94 

2-0 

3-0 

8*0 

3-0 

8*0 

2*80 

„         .,      after  25  days 

0*5 

20 

3*0 

3-0 

3-5 

2*40 

n      after228day8 

0-25 

0*5 

1-6 

1-5 

1*5 

1-05 
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The  first  four  experiments  in  Table  LXXVIII.  Beem  to  indicate  that 
storage  under  the  specified  conditions  for  50,  50,  18,  and  61  days  cannot 
be  relied  on  to  alter  appreciably  the  plumbo-solvent  ability  of  Shipky 
irater.  The  last  three  experiments  showed  that  storage  for  114, 235, 
and  228  days  did,  indeed,  to  a  material  extent^  reduce  plumbo-solvencj, 
but  the  water  was  still  left  in  a  dangerous  condition  as  far  as  solvent 
action  on  lead  is  concerned. 

Table  LXXIX. 

Showing  the  Effbct,  as  regards  Flumbo-solyency,  of  keeping  Mossley 
Water  in  Partially  Filled  and  Unstoppbred  Bottles. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


j 

Description  of  Experiment. 

Action  0 

1st    1   2nd 
60  cc  1 60  C.C. 

n  Lead  (Results  stated  as 
Parts  per  lOO/WO). 

ard 
60C.C. 

4th 
60  cc 

6th 
60  ex. 

Avenge. 

Moaley  water.  Mwrch  90th.  1804    - 

00 

0-1 

0-2 

0-8 

020 

»         .,      after  64  days 

01 

OS 

0-8 

0*4 

0*80 

Moss]«7  water.  April  llth.  1894      - 

01 

0-4 

0-4 

0-6 

0-40 

,.      after43dflys      -       -      - 

0-1 

0-2 

0-8 

0-4 

0-28 

Mossley  water.  May  28ih.  1894          -      - 

0-8 

0-6 

0-7 

0-8 

0-96 

..          V      after  26  days 

01 

0-6 

0*6 

0-8 

0-66 

..     after66days      -       -       - 

O'l 

0*2 

0-8 

0-4 

0*80 

„          ,.      alter  74  days 

0-0 

0*2 

0-4 

0-4 

0*28 

Mosdey  water.  June  6th.  1894    .      .      . 

0-2 

0*6 

0-8 

0*9 

0*68 

,.          ..      after  6a  days 

0-0 

0*2 

0-4 

0-6 

0-88 

H     after74days      -      -      • 

0-1 

0-2 

0-8 

0-4 

0-28 

Mosslqr  water.  June  Uih.  1894      - 

0-2 

0*6 

0*8 

0-8 

0*68 

..     after4«days      -       -       - 

0*0 

0-1 

0*1 

0-2 

0-12 

..      after  68  days 

0-0 

0-0 

0-0 

0-1 

006 

..      afterlOSdays    -      -      - 

0-0* 

0-0 

0-0 

0-1 

006 

O'S 

0-6 

0-8 

0-9 

0*70 

M      after  81  days      - 

0*0 

0-2 

0-8 

0-6 

0*28 

„      afterll4days 

0-0 

0-2 

0-8 

0-4 

9*98 

Moasley  water.  June  seth.  1894-       •       - 

0-2 

0-6 

0-8 

0-7 

0*66 

„         ..      afterSldays 

0-0 

0-1 

0-8 

0-8 

0*22 

..      afterlTldays    -       -       - 

0-0 

0-1 

0-1 

0-2 

0'2 

012" 

MosBley  water.  July  Srd.  1894 

0-2 

0*6 

0-6 

0-7 

0-8 

9-16 

afterMdays      •       •       - 

0-0 

0-2 

0-8 

0-4 

0-6 

0-28 

H      afterl66days        • 

Traces 

Traces 

Traces 

Traces 

Traces 

Traces. 
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The  foregoing  parallel  series  of  experiments  made  with  Mosslej  water 
were  on  the  whole  of  a  more  encooragiDg  nature,  bat  they  do  not  seem 
to  indicate  that  even  prolonged  storage  could  ever  be  relied  on  to 
eliminate^  to  any  praetiGal  extent,  the  danger  of  a  naturally  plumbo- 
sohent  water  retaining  in  some  measure  it«  original  solvent  action  on 
lead. 

The  importance  of  these  observations  is  obvious,  since  it  has  a  direct 
bearing  on  the  question  of  the  storage  in  reservoirs  of  moorland  waters* 
The  advantages  of  a  large  storage  capacity  in  connection  with  the  storage 
reservoirs  on  moorland  gathering  grounds,  and  also  the  service  reservoirs 
may,  without  question,  be  admitted  ;  but  the  above  results  do  not  seem 
to  show  that  reliance  could  be  placed  on  storage  alone  to  remove  the 
plambo-solvent  ability  of  moorland  waters. 

In  the  following  table  (Table  LXXX.)  the  effect,  as  regards  plumbo- 
solvency,  of  various  temperatures  upon  different  acid  waters,  is 
shown:— 

Table  LXXX. 

Showing  the  Effect,  as    regards  Plumbo-solyenct,  of  various 
Temperatures  upon  different  Acid  Waters. 

[Tested  by  upward  filtration,  through  washed  shot,  at  a  uniform 
rate  of  3  minutes  per  50  cc] 


i 

DeKiiptum  of  the  Sample  of 

Tern- 
perature 
of  the 
Water 

grade). 

Action  on  Lead  (Resolts  stated  as 
per  100.000). 

Fftrts 

i 

Water. 

1st 
50  cc. 

2nd 
50  ox. 

3rd 
60  ex. 

4th 
50C.O. 

5l;h 
50  cc. 

Averaee. 

1    (o.)  DistiUed     water    acidifled 

S 

0-4 

0-6 

0-8 

0*8 

0-68 

(».)             «                           H                           .                     . 

12 

0*4 

0-6 

0*9 

1-1 

0-76 

ic.)        „                „                f,            • 

85 

0-1 

0-1 

0*4 

0-6 

0-30 

8 

(o.)  Settle  Peat  Pool,  Januaxy  26, 

7 

0-1 

0-3 

0-5 

0-5 

0-38 

23 

0-0 

0-8 

0-6 

0-5 

0-34 

S 

(a.)  DiilUled     water     acidified 

withHiSO«. 
(*•)      «t            ••             ».          - 

3 
30 

01 
0-1 

0*3 
0-4 

0-8 
0-8 

1-0 
1*0 

0-60 
0-68 

4 

(a.)  ]>istiUed     water    acidified 

4 
25 

2-0 
2-0 

2-4 
2*6 

8-4 
8-6 

8-4 

2*8 

2-38 
2-62 

a 

(a.)  Wbiplej  water,  Anguet  13th, 

3 

1-0 

2-0 

8-5 

2-6 

2-10 

10 

1-0 

2*6 

3-0 

3*0 

8-50 

(c.)      „             ..            .,          - 

15 

1-0 

2-5 

3-0 

2-0 

2-10 

W    „         „         .       . 

20 

0-6 

20 

3*0 

2*5 

8-80 

(*.)      „            ..            «         . 

30 

0-5 

2-5 

8-5 

2-6 

8-10 

6 

(«.)  VoHley  water,  Atignst  14th, 

3 

0-0 

0-4 

0*8 

0-0 

0-68 

(*.)    T"           ..           .          . 

10 

0-0 

0-2 

0-6 

0-8 

0*48 

(^•)      „              .           .          - 

16 

0-0 

0-2 

0*6 

0-8 

0-40 

i^') 

20 

0-0 

0-3 

0-6 

0-8 

0-46 

(^.)       .              o           »          . 

80 

00 

0*4 

0-8 

0-8 

0*68 

(/)        .               .,            ,.           . 

50 

0-0 

0-4 

1-0 

1-0 

0-64 
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The  results  were  not  always  uniform  in  character ;  but  thej  seem,  on 
the  whole,  to  indicate  that  temperature  is  not  a  very  important  factor  in 
determining  the  vigour  of  solvent  action  on  lead  of  acid  waters. 

Table  LXXXI.  shows  the  effect^  as  regards  plumbo-solvency,  of  tte 
continuons  passage  of  different  acid  waters  by  upward  filtration  through 
lead  shot. 

Table  LXXXI. 
Sliowing  the  £ffbct,  as  regards  Flumbo-solybnct,  of  the  continuous 
passage  of  different  Acid  Waters  by  upward  filtration  through 
Lead  Shot. 


I  I 


«  I 


Description  of  the  Experiment. 


Action  on  Lead  (Results  stated  as  Parts  per 

100,000) .    Each  50  C.C.  of  filtrate  examined 

in  succession,  unless  otherwise  stated. 


I  Distilled  water  X  (acid  reaction).  The 
water  was  filtered  continuously  at  a 
uniform  rate  of  Sminuteb  per  50c.c. 
through  25C.C.  lead  shot  hy  upward 
filtration.    1,600  c.c.  filtered. 

Settle  Peat  Pool,  Pebruaiy  8tli,  l^9i. 
The  water  was  filtered  continuously 
at  a  uniform  rate  of  3  minutes  per 
50  C.C.  through  50  c.c.  lead  shot  by 
upward  filtration.    1,300  c.c.  filtered. 

Distilled  wa'erX  (ncid  reaction),  July 

6th,  1S94.       The  water  was  filtered 

continuously  through  50  c.c.  shot  at  a 

uniform  rate  of  S  minutes  per  50  c.c 

:     i;i50  c.c.  filtered. 

4  ;  Shiplejr  water,  July  9th,  1884.  The 
water  was  filtered  continuously 
throufrh  5  c.c.  shot  at  a  uniform  rate 
of  2  minutes  per  50  c.c.  3,000  c.c.  were 
filtered. 

Mossley  water.  July  10th.  1894.  The 
water  waa  filtered  continuously 
through  10  C.C.  shot  at  a  uniform  rate 
of  2i  minutes  per  50  co.  8,e00  c.o. 
filtered. 

Shipley  water,    July  90th,  1894.    The  \ 
water     was     filtered     continuously 
through  5C.C.  shot  at  a  uniform  rate  ' 
of  2\  minutes  per  60  c.c.    2,260  c.c  I 
filtered. 


Mossley  water,  July  Slst,  1894.  Tlie 
water  was  filtered  continuously 
through  60  c.c.  shot  at  a  uniform  rate 
of  S  minutes  per  60  c.c.  2,760  cc. 
filtered. 

Shipley  water,   September   17th,  1891. 
The  water  was  filtered  continuously 
tlirongh  6  cc  shot  at  a  uniform  rate  < 
of  2i  minutes  per  50  cc    2.750  c.c. 
filtered. 

Mossley  water.  September  18th,   1894. 

The  water  was  filtered  continuously 

I     through  25  c.c.  shot  at  a  uniform  rate 

I      of  3  minute's  per  60  cc.     3.260  cc 

I     filtered. 

Shiuley  water.  Sent  ember  25th,  1894. 
Tlie  water  was  filtered  continuously 
through  6  cc.  shot  at  a  uniform  rate 

I      of  2i  minutes  per  60  co.    2,250  cc 

'     filtered. 


10 


31 


Mossley  water.   September  25th,  1894. 
The  water  was  filtend  continuously  , 
through  25  cc  shot  at  4i  uniform  rate 
of  3  minutes  per   60  cc.     2.500  cc 
filtered. 


•0  "2  *:J  -4  -4  -4  -4  -4  '4  '4  '4  "4  '4  '4  '4  '4 
•4  -4  -4     *  -4  -4  -4  -4    4    4  '4    4    4    4    4  '4 


1   -2  -5  -6  -6  -7  -8  -8  '8  "7  "7    8 
•8  -8  -8  -9  •«  '8  -8  -S  '8  -8. 


■9  -8  -n  -s 


•2  -4  -6  -6  "6  -6  -7  '«  '5  '6  "7  '6  "6  '6  '7  '7 
•7  'C  -6  -6  '6  '6  '6  '6  '6  '6  '6. 


Eveiy  finh  60  cc  tested  for  lead. 
.  1*2  ....  1*2  .  ...  1*2  ..  . 
.  1-2  ....  1-2  ....  1-2  ..  . 
.  1-2  ....  I'O  ....  1-0  ..   . 


Eveiy  ninth  60  cc.  tested  for  lead. 

0*4  ....  0-6  ..  . 

.0-6 0-4  ..   . 

.  0'6  ....  0*6  ....  0'6  ..  . 
.  0-6w 


Every  fifth  60  cc  tested  far  lead. 
.  1*0  ....  1*0  ....  1-0  ..  , 
.  1-0  ....  I'O  ....  1»0  ..  , 
.  I'O. 


Every  fifth  60  cc  tested  for  lead. 
.  0'6  ....  0*7  ....  0'8  ..  . 
.  0-9  ....  0*9  ....  1-0  ..  . 
.  1-0  ....  I'O  ...  .  1-0. 


Every  fifth  60  cc.  tested  for  lead. 
.  1-6  .  ...  1-2  ....  1-4  .   . 
.  1-2  ....  1-2  ....  1-0  .  . 
..  10  ....  1-0  ...  .  1-2. 


Every  fifth  60  cc.  tested  for  lead. 
.  0-8  ....  0-7  ....  0-8  ..  . 
.  0*8  ....  10  ....  0-9  ..  . 
.  0*8  ....  0*8  ....  0*8  ..  . 
.  0*8. 

Every  fifth  60  c.c.  tested  for  lead. 
.  2-0  ....  2-0  ....  2*0  ..  . 
.  1'6  ....  1-0  ....  10  ..  . 
.  1-6. 


Every  fifth  50  cc.  tested  for  lead. 
.  0*6  ....  0*6  ....  0'4  ..  . 
.  0-5  ....  0-6  ....  0-6  ..  . 
.  0-6  ...  .  0-6 


12 
10 
1*9 


1-0 


0-9 
0-8 


1-0 


0-8 
0-8 
0-8 


1*5 
1-0 


O-tf 

,  0-6 
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The  results  show  that,  after  the  first  few  filtrates  had  been  collectedy 
the  crater  dissolved  proportionately  about  the  same  amount  of  lead 
throughout  the  remainder  of  the  experiment.  There  was  no  evidence 
of  anj  sensible  reduction  in  the  amount  of  lead  dissolved  by  the  water, 
even  when  over  3,000  c.c.  had  passed  through  the  same  shot. 

In  the  following  table  (Table  LXXXII.)  the  effect,  as  regards 
plambo-solvency,  ofthe  rate  of  filtration  through  lead  shot  of  various 
acid  ^*aters  is  shown  : — 

Table  LXXXII. 

Showing  the  Effect,  as  regai-ds  Plumbo-solvency-,  of  the  Rate  of 
Filtration  through  Lead  Shot  of  various  Acid  Waters. 
[The  action  on  lead  was  tested  by  upward  filtration  through 
60  c.c.  washed  shot.] 


-5    ' 

ATerafe 
rate^ 

Action  on  Lead  (Results  expressed  as 

1        Description  of  the  Sample  of 
^  ■■                       Water. 

filtra- 
tion (in 
minutes) 

fiOcc. 

'•■*•''♦'*'*■ 

* 

"/• 

ist 

60C.C. 

2nd 
60C.C 

8rd 

aoco. 

4th 
fiOcc. 

6th 
0OC.C. 

Averager 

1     (a.)  Distilled  water,  acid 

3 

0-1 

0-8 

0-8 

0*3 

0*8 

0*28 

1  (ft.)       „             .              -         - 

14 

0«1 

0-8 

0-8 

0*8 

0*8 

0*28 

2 

(a.)  Distilled  water,  acid 

2 

1-0 

1-6 

1-2 

2-0 

1-4 

1*44 

(6.)       „             ,.              -        - 

S 

1-4 

1-8 

2*0 

2*0 

2*2 

1*88 

ie.)       ,.             ..          -            - 

6 

1-0 

1-8 

2-0 

2-0 

2-0 

1-78 

(d.)      ....                -       - 

44 

0-3 

1-0 

1-0 

1-0 

1*0 

0-88 

8 

(a.)  Settle  Peat  Pool.  January 

a3rd,188l. 
(*.) 

8 

0-6 

2-0 

2-2 

2*2 

2*2 

1*84 

S 

0-7 

2*0 

2-2 

2*2 

2-2 

1*88 

M 

28 

0-5 

1-8 

2-0 

2*0 

.•0 

1*68 

4 

(a.)  Settle  Pfeat  Pool.  February 

ftth.1894. 
(6.)       .. 

8 

0-0 

0-1 

0-2 

0-8 

o*s 

018 

10 

0-2 

0*2 

0-3 

0*2 

Oil 

0-22 

5 

(a.)  Moaley    water.    Febmaiy 

9tli.  1891. 
(*.) 

3     * 
11 

00 
0-0 

0-1 
0-1 

0-1 
O'l 

0*1 
0-1 

0*2 
0*2 

O'lO 
0*10 

« 

(a.)  Settle  Peat  Pool.  February 

14tb,18M. 
(6.)       M             »             ..         - 

8 
10 

0-6 
1*4 

1-4 
1*4 

1-6 
1-4 

1*8 
1*6 

1*8 
2*0 

1*40 
1*88 

1 

(a.)  Monley    water,    February 
(6.)     ^T'   ^\              n          ' 

8 
11 

0-0 
0-0 

0-1 
O'l 

0-2 
O'l 

0*2 
0*1 

0*2 
0-1 

0*14 
0*08 

8 

(a.)  Hoasley    water,  '  Febmaiy 
(6.)    *^'^^^.. 

8 

00 

0-1 

0-2 

0*2 

0-3 

0*18 

0 

0-1 

0*1 

0-1 

0-2 

0*2 

0*14 

9 

(a.)  Shipley    water,    February 
(6.)    ^^^*^^\ 

3 
0 

0*8 
2-8 

1-0 
2*8 

2-4 
2-8 

2*8 
2-8 

3-2 
.•8 

2*24 
2*80 

10 

(a.)  MoMley     water,   Februaiy 
(».)       «             ,.             ..         - 

8 
10 

0-0 
0-1 

0-0 
0-1 

0*1 
0-1 

0*1 
0-1 

0-1 
0*1 

0*08 
0*10 
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Table  LXXXII. — continued. 


i 

Water. 

AverMe 
raterf 
filtra- 
tion (in 
minutes) 

wfoc. 

Action  on 

Lead  (Senilts  eKpreased  aa 
PMts  per  100.000). 

1 

1st 
60  cc. 

2nd 
60O.C. 

Srd 
60OU5. 

Uh 
60o.c. 

6th 
60  cc 

Average. 

11 

(a.)  Settie  FMt  Pool,  Much  2nd, 
1894. 

3 

0-2 

©•4 

10 

1*2 

1-2 

0*80 

10 

0-4 

0-6 

1-2 

1*2 

1*4 

0*96 

u 

(a.)  8hipl«7  water.  Haroh  6th, 
(6.)    ^ 

3 

0-8 

2-0 

2-2 

2*4 

2*8 

2*04 

28 

1-2 

20 

2*8 

8-0 

1-88 

IS 

(a.)  Settle  Peat  Pool,  March  9th, 

ISM. 
(6.)       „ 

3 

1-0 

1*4 

1*4 

1-6 

1-14 

22 

1-2 

1*0 

1*0 

1-2 

1-08 

14 

(a.)  Shipley  water,  Mareh  ISth, 

m  \.        ..        .      - 

8 

2*6 

2*8 

3*2 

3*6 

2*64 

81 

1-6 

1*6 

1-6 

1*6 

1*60 

15 

(o.)  Houley  water.  April  Sth. 

1894. 
(6.)       ....«- 

0*1 

0*2 

0-8 

0-4 

0*22 

0*1 

0*3 

0*4 

0-6 

0-28 

(r.)       „             ..             M         - 

0-2 

0*8 

0*4 

0-6 

0*82 

16 

(a.)  Shipley   water.  April  11th. 

2*6 
8-0 

3*0 
8*6 

SO 
3*6 

8*0 
3*6 

2*00 
8-00 

(c.)       „             ,.             „         . 

8-0 

4*0 

3*6 

4-0 

8-80 

17 

(a.)  Ho«ley  water,  April  12th. 

1894. 
(6.)       .. 

0*4 

0-4 

0*6 

0-6 

0*40 

0*8 

0*4 

0*6 

0-6 

0*88 

(e'.)       .. 

0-2 

0-4 

0*6 

0-6 

0*36 

18 

(a.)  Shipley  water.  April  17th. 
(6.)       ,.  *          M             -         • 

4-0 

30 

30 

3*0 

8-00 

80 

3-0 

4*0 

3*6 

8*00 

(e.)       ..             ..             ..         - 

3-0 

4*0 

4*0 

6*0 

3*00 

19 

(a.)  Hosaley  water.  April  18th. 
1894. 

(ft.)           M                     

0-8 
0-2 

0*5 
0*4 

0*6 
0*6 

0-6 

0*40 
0*88 

(<?.)        « 

0*4 

0*6 

0-6 

0*8 

0*60 

ao 

(a.)  ShhOey   water.  May  29th. 

2-0 

2*0 

2*0 

3*0 

2-00 

(6.)    *«             ..             H         - 

3-0 

8*0 

8*0 

3*0 

2*70 

(c.)       .. 

9 

8-0 

3*0 

30 

8*6 

2-80 

21 

(a.)  Moedey  water.  May  SOth. 

3 

0-6 

0*7 

0*8 

0*9 

0-66 

(b.)  ^T'       „         ..      . 

6 

0-8 

1*0 

1*0 

1*0 

0*82 

(c.)       .. 

16 

0-9 

1*1 

1*1 

1-1 

0-96 

22 

(a.)  Shipl^  water.  October  8th. 

40 
(aeos.). 

8-0 

3*0 

8-0 

8-6 

2*90 

(6.)               M 

(min.). 

3-0 

3*6 

3-5 

4-0 

8*20 

83 

^*-^  'loSlY894.^'**''     ^^**" 
(6.) 

40 
(aeci.). 

3 
(min.). 

0-6 
0-4 

0*8 
0*7 

0*8 
0-8 

0*8 
1*0 

0-64 
0-60 
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The  results  were  not  always  absolntely  uniform  in  character^  tLough 
they  appear  to  indicate  that  slight  yariations  in  the  rate  of  flow  of  the 
water  through  the  lead  shot  would  in  no  way  affect  the  degree  of 
plnmbo-solvencj.  Further,  that  although  a  relatively  slow  rate  of 
filtration  was  on  the  whole  conducivefto  vigour  of  solvent  action  on 
lead,  if  the  rate  of  filtration  were  further  reduced,  less  dissolved  lead 
appeared  in  the  filtrate.  Possibly,  in  these  cases  some  of  the  lead 
passed  out  of  solution  and  was  retained  in  the  shot.  Lastly,  Experi- 
ments 22  and  23  show  that,  even  when  the  rate  of  filtration  was  very 
rapid  (50  c.c.  in  40  seconds),  Shipley  and  Mossley  waters  were  capable 
of  dissolving  lead  in  about  the  same  proportion  as  when  the  rate  of 
filtration  was  about  50  c.c.  in  3  minutes.  These  experiments  have  a 
direct  bearing  on  the  passage  of  moorland  waters  through  lead  service 
pipes.  They  appear  to  indicate  that,  even  if  an  acid  moorland  water 
were  run  rapidly  through  a  lead  serrice  pipe  some  appreciable  amount 
of  lead  might  be  taken  up  by  the  water,  and  that  the  question  of  tho 
length  of  time  the  water  was  in  contact  with  the  lead  is,  as  regards 
plombo -solvency,  possibly  of  less  importance  than  in  relation  to  erosion. 

In  the  following  table  (Table  L  XXXIII.)  the  effect,  as  regards 
pliunbo-solvency,  of  passing  an  acid  ^vater  repeatedly  through  lead  shot 
is  shown : — 


Table  LXXXIIL 

Showing  the  Effect,  as  regards  Plumbo-soltency,  of  passing  an 
Acid  Water  repeatedly  through  Lead  Shot. 


September  lOtb.  1804.— 800  c  c  Shipley  water  Altered  through  60  c.c. 
wanhed  lead  shot  (apward  filtration)  at  rate  of  8  mins.  per  50  c.c.      i 

The  water  WHB  filtered  through  same  lead  shot  three  times,  and 
10  CO.  was  remoTod  each  time  for  estimation  of  lead.  ' 

(a.)  After  ist  filtration 

(ft.)      „     2nd       „  i 

(c.)      „     8rd 

I 

April  5th.  1805.— 700  c.c.  Shipley  water  filtered  through  50  c.c.  washed 
lead  shot  (upward  filtration)  at  rate  of  3  mins.  per  50  c.c. 

The  water  was  filtered  through  same  lead  shot  four  times,  and  | 
10  C.C.  was  removed  each  time  for  estimation  of  lead. 

(a.)  After  Ist  filtration 

(ft.)  M  2nd  „ 
le.)  „  8rd  . 
(d.)      »     4th       ,. 

April  18th.  1896.— 700  c.c.  Shipley  water  filtered  through  60  c.c.  washed 
lead  shot  (upward  filtration)  at  rate  of  3  mins.  per  60  c.c.   , 

The  water  was  filtered  through  same  lead  shot  five  times,  and 
10  C.C.  removed  each  time  for  estimation  of  lead. 

(a.)  After  Ist  filtration         ...... 

(ft.)  .,  2nd  .. 
(e.)  „  Srd  p 
Id,)  „  4th  „ 
(#.)      „     6th       „ 

April  24ih.  18ft5.— 700  c.c.  Shipley  water  filtered  through  50  c.c.  washed 
lead  shot  (upward  filtration)  at  rate  of  8  mins.  per  60  c.c.  , 

The  water  was  filtered  through  same  lead  shot  five  times,  and 
10  C.C.  removed  each  time  for  estimation  of  lead. 

a.)  After  Ist  filtration         .----- 


I 


){     98fl4. 


2nd 
Srd 

4th 
5th 


(a.)  3-0 
(6.)  3-0 
(c.)  8-0 


20 
20 
20 
(d.)  2-0^ 


(a.)  2  0 

(ft.)  2-0 

(c.)  2-0 

(d.)  2-0 

(#.)  2*6 


i   }; 


(a.)  2-0 

(6.)  2-0 

(c.)  2-0 

\d.)  2-0 

#.)  2-0 


I. 


Digitized  by  VjOOQIC 


162 


Table  LXXXIII.— cow/inucc^. 


De8oriptioiit>f  the  Experiment. 


Action  on  Leed. 

(lieealt*  stated 

as  Parts  par 

100.000.) 


November  15th,  1896.— 700  c.e.  Shipley  water  filtered  through  fiO-  ac 
washed  I^  shot  (upward  filtration)  at  rate  of  3  mins.  per  60  c.e. 

The  water  was  filtered  through  same  lead  shot  four  times^and 
20  C.O.  reznoved  each  time. 

After  Ist  filtration         .---•• 
2nd 
„     Srd       „ 
I  id.)      „     4th        „ 

10  c.r.  wiis  used  (or  estimation  of  lead,  and  10  c.e.  for  leaction  with 
lacmoid. 

It  wa£  found  that  after  the  Ist,  2nd,  Srd,  and  4th  filtmtions  the 
water  still  gave  a  faintly  acid  reaction,  the  amount  being  apparently 
the  fiame  in  each  case. 


•cren 


It  will  be  seen  that  the  repented  passage  of  the  same  wat^r  through 
the  same  lead  shot  did  not  usually  result  in  the  water <lissolving  relatively 
more  lead  on  the  last  than  on  the  first  occasion. 

The  eiFect,  as  regards  pi  umbo  solvency,  of  boiling  certain  acid  moor- 
land waters,  and  then  making  up  with  neutral  distilled  water  to  the 
original  bulk,  is  shown  in  the  following  tabte  (Table  LXXXI V.) : — 


Table  LXXXIV. 

Showing    the    Effect,  as    regards    PLUMBO-soLVENcr,    of    BoiLixa 
certain  Acid  Moorland  Waters. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
50  c.e.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.e] 


V 


Action  on  Lead  (Results  state 
Parts  per  100,000). 


Desci  olii  w  of  the  ExiK-riment. 


l.-.t       2nd 
I  50  c.e.   50r.c. 


3rd 
60  C.C. 


4th 
50  CO. 


(a.)  Shipley  water,  June  4, 1894     - 

(6.)  The  same  water  after  boiling  for  \ 
hour  and  making  up  to  oriffinal 
mark  with  neutral  distilled  water. 


(a.)  Shipley  water.  June] 8, 1891    - 

(6.)  The  snme  water  after  boiling  for  J 
hour  and  making  up  to  original 
niai  k  with  neutral  distilled  water. 


8-0 
1-5 


1*3 
1-0 


0-3 


(a.)  Mossloy  water,  June  19, 1894  - 

(6.)  Tli'»  sniiie  wnttr  after  boiliner  for  J       0*0 
lij  :r   ami   making  up   to  original 
r.i.u-k  with  neutral  difiJI't'd  wator. 


4-0 
4-0 


80 
8-5 


0-6 
01 


6th 
60  c.e. 


Averai^ 


4-0 

4-0 

6*0 

8*6 

4-0 

8*6 

8-3 

40 

4*0 

2-6 

SO 

8*0 

0-8 

0-9 

0-9 

0-1 

01 

0*2 

4-00 
8*90 


8']« 
2-40 


0*70 
0*10 
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TABtK  LXXXIV continued. 


1 

Aotion  on  Lead  (Result  stated 
Parts  per  100,000). 

as 

1 

Dwcriptibn  of  the  Experiment. 

__—  — 

l!Oo.O. 

2nd 
600.0. 

Srd 

60  CO. 

4th 
60  ao. 

6th 
60  ca 

Average. 

4 

(a.)  Shipley  water.  June  26, 18M   - 

20 

8-0 

SO 

S'6 

S-0 

2'90 

{bp)  The  same  water  after  boiling  for  k 
hour  and   making  up  to  original 
mark  with  neutral  distilled  water. 

1-0 

2-6 

2*6 

SO 

SO 

r40 

5 

(a.)MoMleywater.June27,18M  - 

0-2 

0*6 

0*6 

••7 

0*8 

0*68 

(4.)  The  same  water  after  boiling  for  k 
hour  and  making  up  to  original 
mark  with  neatral  distill«^  water. 

0-1 

0*2 

0*4 

0-6 

0-6 

0'S< 

6 

2-0 

SO 

SO 

SO 

3-0 

2*00 

(6.)  The  same  water  after  boiling  for  k 
hour  and  making  up  to  original 
mark  with  neutral  distilled  water. 

0-6 

2-0 

20 

20 

2*0 

1*70 

7 

(a. )  Mossley  wat«r.  July  4, 1804 

0-2 

0-3 

0-0 

0-7 

0-8 

0-Bf 

.  (5.)  The  same  water  after  boiling  for  i 
hour  an«t  making  up  to  original 
mark  with  neutmldiatiUed  water. 

0-0 

0-0 

00 

00 

o-o 

000 

8 

(a.)  Shipley  water,  July  16, 1894    - 

1-6 

2-6 

8-0 

8  0 

S'O 

2*00 

(6.)  The  same  water  after  boiling  for  k 
hour  and  making  up  to  original 
mark  with  neutral  distilled  water. 

0-6 

20 

2-0 

20 

20 

1*70 

« 

(a.)  Shipley  water,  July  23. 1894     - 

10 

20 

3-0 

3-5 

40 

2-70 

(6.)  The  same  water  after  boiling  for  i 
hour  and  making  up   to  original 
mark  with  neutral  distilled  water. 

0-5 

2-0 

2-6 

3-0 

8-0 

2*20 

10 

(a.)  Moflsley  water,  July  24, 1894    • 

0-0 

0-3 

0-5 

00 

0  7 

0-42 

(6.)  The  same  water  after  boiling  for  k 
hour  and  making  up  to  original 
mark  with  neutral  distilled  water. 

00 

0-2 

OS 

0-4 

0-6 

0-28 

U 

(a.)  Hossley  water,  August  28. 1894 

0-2 

0-4 

0-7 

0-8 

0-8 

0-68 

(6.)  The  same  water  after  boiling  for  \ 
lionr  and  making  up  to  original 
mark  with  neutral  distilled  water. 

0-1 

01 

01 

0*2 

0-2 

0*14 

u 

(a.)  Shipley  wat»r,  September  8, 1894       - 

1-0 

3-0 

30 

4-0 

30 

2*80 



(6.)  The  same  water  after  boiling  for  i 
hour  and   making  up  to  original 
mark  with nentraldistiUed  water. 

10 

20 

25 

2-6 

2-6 

2*10 

The  results  show  that  although  boiling  and  then  making  up  with 
neutral  distilled  water  to  the  original  bulk  reduced  the  degree  of 
plumbo-solvencj  of  Shipley  water,  the  water  was  still  left  in  a  dangerous 
condition  ns  regards  it^  solvent  action  on  lead.  Somewhat  similar 
results  were  obtained  with  Mosslej  water,  although  here  boiling 
reduced  the  original  plumbo-solvont  ability  of  the  water  to  a  greater 
extent. 

L  2 


Digitized  by  VjOOQIC 


164 


In  the  foUowiug  table  (LXXXV.)  tho  effect,  as  regards  plnmbo- 
solvencj,  of  the  aeration  of  certain  acid  muorhind  waters  is  shown :  — 

Tablb  LXXXV. 

Showing  the  Effect,  as  regards  PLUMBO-soLTBNCTy  of  the  Abratiok 

of  certain  Acid  Moorland  Waters. 

[The  action  on  lead  was  tested  by  npward  filtration  through  50  c.c. 

washed  lead  shot  at  the  rate  of  3  minutes  per  50  cc] 


Detcription  of  the  Eiperiment. 


Acidity  in 
Terms  of  C.C. 

1FN..C0. 
required  to 
neutraliae 
100  C.C  of 
the  Water. 


Action  on  Lead  (Reanlte  stated  as 
Parts  perlOO.000). 


1st 
SO  c.c. 


2nd 
60  CO. 


8rd 
80  CO. 


4th 
50  CO. 


SOccK^****^ 


10 


11 


>.)  Febrjary  8, 18M,  Settle  Peat  0*36 

Pool  water. 
'6.)  The  same  water  after  air  had 

been  aspirated  through  it 

for  \  hour. 

>.)  March     80.     18M^     Shipley  O'OO 

water. 
6.)  The  same  water  after  air  had 

been  aspirated  through  it 

for  2  hours. 

a.)  August    21.    18Mb     Shipley  1*20 

water. 
[b.)  The  same  water  after  air  had 

been  aspirated  through  it 

for  k  hour. 

a.)  August    21.     188i.    Mossley  0*42 

water. 
b.)  The  same  water  after  air  had 

been  aspirated  through  it 

for  i  hour. 

a.)  September  10.  1894,  Shipley  0*96 

water. 
6.)  The  same  water  after  air  had  0*90 

been  aspirated  through  it 

for  1  hour. 

a.)  September  11.  1894.  Mossley  0*48 

water. 
^6.)  The  saraewat«r  after  air  had  0*8S 

been  aspirated  through  it 

for  1  hour. 

[a.)  December  17.   1894.  Shiple}  1*20 

water. 
b,)  The  same  water  after  air  had  1*20 

been  aspirated  throuich  it 

\  hour. 

a.)  December  18,  1894.  Mossley  0*86 

water. 
[6.)  The  same  water    after    air  0*86 

passed  through  for  \  hour. 

a.)  January    29.    1886.    Shipley  0*96 

water. 
6.)  The  same  water  after  air  had  0*90 

been  aspirated  through  it 

for  \  hour. 

a.)  July  2nd.  1895.  Shipley  water  j        0*72 

b.)  The  same  wat^r  after  air  had  OTiil 

been  aspirate<l  through  for 
3  hours. 

a.)  July  9, 1896.  Shipley  water    -  0*78 

6.)  The  same  water  after  air  had  0'72 

been  aspirated  through  for 
8  hours. 


01 
O'l 

0*6 
0*4 

2*0 
1-6 

0*1 
0*1 

1-0 
1*0 

0*2 
0-0 

2-6 
2*6 

0*2 
0-2 

1-0 
1*0 

1*0 

0*8 

1-6 
0-6 


0-2 
0*2 


0'4      0-6 
0*6      0-6 


1*2      1-6 
1*2  (    1*8 


1*6 
1*0 


18 
1-8 

6*0 
4*6 

0*7 
0*7 

2*6 
2*6 

0-8 
0-6 

8-6 
3*6 

0*8 
0*7 

2*6 
2*0 

2*0 
1*6 


1-6       2-0 
1*6       2-0 


4*0 

i 
4-0 

4*0 

4*6 

0*8 

0-4 

0*8 

0*4 

2*0 

2-0 

20 

2*6 

0-6 

0*6 

0-2 

0*4 

3*0 

8*6 

8*0 

8*6 

0*4 

0-6 

0*4 

0-6 

2-6 

2-5 

2*0 

2*0 

1*0 

1*6 

1-6 

1*6 

0-6 
0-7 

2*0 
2-0 

6*0 
4*6 

0-8 
0-8 

2-6 
2-6 

0*8 
0-7 

4-0 
4*0 

0-8 
0*8 

2*5 
2*5 

2*0 
1*8 

2-0 
2*0 


0*86 
0-44 

1-44 
1-44 

4*00 

0*46 
0*46 

s-oo 

2*10 

o-6a 
o'sa 

9*90 
9-90 

0-66 
0-64 

S-90 
1*90 

1*60 
1*4B 

1-70 
1-40 
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It  will  be  noted  that  aeration  did  not  materiallj  inflaence  the  aciditj 
or  plomboHSolvent  ability  of  the  acid  moorland  waters.  To  a  slight,  but 
scarcely  appreciable,  extent,  aeration  may  be  said  to  have  had  usually 
a  tendency  to  reduce  the  acidity  and  plumbo-solvent  ability. 

The  effect,  as  regards  plumbo-solvency,  of  the  concentration  by 
boiliog  of  Shipley  water  is  shown  in  the  following  table  (Table 
LXXXVI.)  :— 


Table  LXXXVI. 

Showing  the   Effect,  as  regards  Plumbo-solvency,  of  the  Concem- 
TRATioN  by  boiling  of  Shipley  Water. 

[The  action  on  lead  was  tested  by  means  of  upwatd  filtration  through 
50  CO.  washed  lead  shot  at  a  uniform  rate  of  8  minutes  per  50  c.c.j 


' 

DeMription  of  the  Experiment. 

Additjr 

in  Terms 

of  CO. 

^>a,CO, 

required 
to  neu- 
tralise 
100  CO.  of 
theWater. 

Action  on  Lead  (Besnlto  stated 
Flarts  per  100.000). 

as 

,; 

let 

60  CO. 

Snd 
6O0.C 

Srd 
60  0.0. 

4lh 
60  CO. 

6th 
60  CO. 

Average 

(0.   Febrttar76tb.l895.    Shipl^ 

wftfcer. 
(6.)  The  Mme  water  after  e?m- 

pormtion  l»r  boiling  to  « 

original  Tolume. 

0-96 

1*0 

2*6 

8-0 

8-0 

80 

2-60 

0-90 

2*0 

3-0 

8-0 

8*0 

8*0 

2*80 

(a.)Febmar]rlStli.1SM.  ShipW 

ipiter. 
(b.)  The  aame  water  after  era- 

poimtion  by  boiling  to  « 

original  volame. 

0-78 
1-26 

1*0 
2*6 

1*6 
4-0 

1-6 
4*0 

2-0 
4*0 

2-0 
40 

1-00 
8*70 

(•.)Febmaryl7th,18Wk  Shiplej 
pofmtion  hj  boiling  to  « 

0*64 

0*6 

1-0 

1-0 

.  1*6 

1-6 

1-10 

on 

1*0 

2-6 

8-0 

8*0 

8*0 

2*60 

(a.)Febniar7S5th,18B5.  Shipler 

water, 
(ft.)  The  mam  water  after  ewr 

pontian  I7  boiUBg  to  « 

0*96 

1*6 

2*0 

2*0 

2-0 

2*0 

1*90 

1-74 

40 

7-0 

7-0 

7*0 

70 

8-40 

(a.)  Vaioh  Bth.  1886.     Bhiptej 

(b.)  The  aame  water  after  vm- 
poration  by  boUing  to  k 
original  Tofiune. 

0*84 

2*0 

2*6 

2-6 

8*0 

8-0 

2-00 

1*68 

2*0 

8*0 

4-0 

4*0 

4-0 

3*40 

M  Manh  11th.  1806.   Bhipl^r 

water, 
(ft.)  the  Mme  water  after  eta- 

poiation  tar  boiUng  to  \ 

original  Tohime. 

0*90 
1*44 

1*6 
1*6 

2*0 
4*0 

8-0 
4*0 

2-0 
6-0 

2-0 
6-0 

1-90 
890 

(tfJKarch  19th.  1886.     Shipley 

water. 
(^•)  The  aame  water  aftor  era- 

pontion  br  boUing  to  ft 

original  volume. 

0*90 

1-6 

1-6 

2-0 

ro 

2-0 

1-80 

1*44 

8*0 

4-6 

6*0 

6*0 

6*0 

4-60 
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Table  LXXXVI. — continued. 


Deflcription  of  the  Experiment. 


Acidity  I 

in  Terms 

of  C.C. 

required 
to  neu- 
tralise 

lOOccof 


Action  on  Lead  (Results  stated  as 
Parts  per  100,000). 


1st 


2nd    i    Srd    I    4th   |    6th 


the  Water.' Mc.<^'    SOc.c.  60c.c.  ISOc.c.  60c.c. 


Average. 


10 


11 


12 


13 


U 


15 


(a.)  March  26th,  189S.     Shipley 

water. 
(6.)  The  same  water  after  eva- 

poistion  by  boiling  to  \ 

original  volume. 


(a.)  April  2nd,  IftM.  Shipley 
water.    • 

(6.)  The  same  water  after  eva- 
poration by  boiling  to  \ 
original  volume. 


(a.)  April  0th,  1895.  Shipley 
water. 

(6.)  The  same  water  after  eva- 
poration by  boiling  to  \ 
original  volume. 

(a.)  April  16th,  1895.  Shipley 
water. 

(6.)  The  same  water  after  eva- 
poration bv  boiling  to  i 
original  volume. 

(a.)  April  2Srd,  1885.  Shipley 
water. 

(6.)  The  same  water  after  eva- 
poration by  boiling  to  | 
original  volume. 

(a.)  April  SOth,  1895.     Shipley 

water. 
(6.)  The  same  water  after  eva^ 

poration  by  boihng  to  | 

original  volume. 

(a.)  Hay    7th,    1895.      Shipley 

water. 
(6.)  The  same  water  after  eva- 

porajtion  by  boiling  to  i 

original  volume. 

(a.)  May   14th.    1895.     Shipley 

water. 
(6.)  The  same  water  after  era- 

poration  bv  boiling  to  | 

original  volume. 


0-81 
1.44 


0*96 

I'm 


0-84 
1*66 


0-72 
1-20 


0-78 
1*44 


0*96 
1'92 


0-78 
1*66 


1-6 
4-0 


2-0 
4-0 


1-5 
SO 


0-5 
2-0 


I'O 
20 


1-5 
80 


1*0 
2-6 


0-78      I    1-0 
1-66      I    S-0 


2-0 

2-0 

5-0 

50 

2*6 

8*0 

5  0 

5-0 

20 

2-0 

4-0 

5-0 

1-0 

1-5 

80 

35 

1*6 

2-6 

40 

40 

2*6 

S-6 

4-0 

5-0 

1-0 

1-5 

8-5 

4-0 

2*0 

2*0 

40 

4-0 

2-0 
5*0 


30 
5-5 


2-5 
5*0 


1*6 
8*5 


2*0 
40 


2-5 
5*0 


1*5 
4-0 


2*0 

40 


2*5 
6*0 


3-0 
5'5 


8-0O 
4'80 


2*70 
5*00 


2*5 

2-10 

6*0 

4*40 

1-6 

1'20 

3*5 

8*ia 

2*0 

r7<> 

4*0 

S-60 

2*0 

2*20 

4*5 

4*80 

2-0 

1*40 

40 

8*60 

1 

2'0 

1-80' 

4-0 

8*80 

It  will  be  seen  that  boiling  Shipley  water  down  to  half  its  ori^nal 
bulk  usually  led  to  an  increase  in  its  acidity  and  pi umbo-solvent  ability, 
roughly  corresponding  with  the  degree  of  concentration.  These  results 
do  not  lend  .support  to  tlie  silica  theory. 
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In  the  following  table  (Table  LXXXVII.)  the  effect,  iw  regards 
plombo-aolvencyy  of  the  addition  to  certain  acid  waters  of  lead  which 
had  preTioasly  been  submitted  to  the  action  of  sodium  carbonate  and 
caldom  sulphate  is  shown  : — 


Table   LXXXVII. 

Showing  the  Effkct,  as  regards  PLUMBO-sOLVENcy,  of  the  addition  to 
certain  Acid  Watbbs  of  Lead  which  had  previously  been  submitted 
to  the  action  of  Sodium  Carbonate  and  Calcium  Sulphate. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.o.] 


^ 

Action  on  Lead  (Results  stated 
Parts  per  100,000). 

as 

Desenpiion  of  the  Sa  Jiple  of  Water. 

X 

1 

" 

1 

- 

1st    !    2nd 
50  CO.  1  50  CO. 

Srd 
50  CO. 

4th 
50  o.c. 

5th 
50  CO. 

Avenice. 

1 

(a)  Distilled  water  X  (nstnral  acidity)   - 

0-2 

0*4 

0-6 

0'« 

0-6 

0-46 

(6)  Same  as  (a),  but  the  lead  left  in 

0-1 

OS 

0*4 

0-6 

0-6 

0*38 

contact  with  ^  NaaCO,  for  18  hours. 

2 

(a)  Sfaiplej  wstw,  September  3rd.  18&1    - 

ro 

8-0 

SO 

40 

80 

.2*80 

(6)  Same  aa  (a),  but  the  lead  left  in 
contact  with  saturated  solution  NaaCOs 
for  three  days,  and  then  washed. 

0-0 

.0-5 

1-0 

ro 

1-5 

o-m 

{c)  Same  as  (a),  bnt  the  lead  left  in 
contact  with  saturated  solution  CaS04 
for  three  dsys.  and  then  washed. 

10 

2*5 

2-6 

2-6 

30 

2-8(> 

The  results  seem  to  show  that  a  preliminary  "treatment"  of  lead 
vith  a  solution  of  calcium  sulphate  has  but  little  power  of  protecting 
such  lead  from  the  action  of  a  plumbo-solvent  water.  Sodium  carbonate 
appeared  to  be  more  eflficacious  in  this  respect. 

The  following  ten  tables  show  the  effect,  as  regards  pi  umbo- solvency, 
of  the  addition  to  acid  moorland  waters  of  a  measured  qu  an  lily  of  each 
of  the  following  substances: — magnesium  sulphate,  calcium 'sulphate, 
sodium  chloride,  ammonium  chloride,  potassium  nitrate,  ammonium 
nitrate,  sodium  nitrate,  sodium  nitrite,  (»lcium  phosphate  and  sodium 
phosphate,  and  potassium  filicate. 


Digitized  by  VjOOQIC 


168 


Table  LXXXVIII. 

Showing  the  £ffect,  as  reganis  Plumbo-solvenct,  of  the  addition  to 
di&rent  Acid  Waters  of  Measured  Quantities  of  Magnesiuit 
Sulphate  (MgSO^). 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  cc. 
washed  shot  at  a  uniform  rate  of  3  minutes  per  50c.c.] 


.|  i       Deacription  of  the  Sample  of  Water. 

A 

let 
SOcc. 

etion  on  Lead  (Besulti  ttated 
Parte  per  100.000). 

at 

2nd 
fiOce. 

Srd 
M&c. 

4th 
60  cc. 

6th 
600.C. 

Average. 

1 

Settle  Peat  Pool,  Februair  5th,  1894 

00 

0*1 

0*2 

0*3 

0*8 

0-18 

The  Mine  wat«r,  +  0*1  per  cent  MgSO*  - 

00 

0*2 

0*4 

0*4 

0-6 

0-80 

t 

MoMley  water.  February  mh,  1894 

00 

0*1 

0*2 

0*2 

0-2 

0-14 

The  Mine  water. +  0*1  per  cent.  Mg804  - 

0*0 

01 

0*1 

0-1 

0*1 

008 

d 

MoMley  water.  March  lOtb.  1804     - 

0*1 

0-1 

0*2 

0*4 

0*4 

0*24 

e 

The  Mme  water.  +  0*1  per  cent.  MKSO4  - 

01 

0*1 

0*2 

0-8 

0-4 

0-22 

4 

Shipley  water.  March  18th.  1894        -       - 

ro 

2*6 

8*8 

8*2 

8*6 

2-64 

The  Mme  water.  +  0*1  per  cent.  Mk80«  - 

0*8 

1*0 

2*0 

2*2 

2-4 

1-68 

• 

5 

Shipley  water,  December  10th.  18M  •      - 

1-0 

2*0 

2*6 

2*5 

2*6 

2*10 

The  Mme  water.  +  0'  1  per  cent.  Mg80«  - 

1*0 

2*0 

8-0 

2*6 

8-0 

2-30 

6 

MoMley  water.  December  11th.  1894  •      - 

0*0 

01 

0*1 

0*2 

0*2 

0-12 

The  Mme  water,  +  0*  1  per  cent.  MgSO*  - 

0*0 

0-1 

0*2 

0-8 

0*8 

0-18 

7 

MoMley  water.  Januaiy  16th,  1896  • 

0-0 

01 

01 

01 

0-2 

0-10 

The  Mme  water. +  0*1  per  cent  Mc;80«  - 

01 

0*1 

0*1 

0-1 

0-2 

012 

The  results  varied  considerably ;  but  on  the  whole  they  seem  to  indicate 
that  the  magnesium  sulphate  does  not  influence^  to  any  material  extent, 
the  plombo-solvent  action  of  the  water. 
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Table  LXXXIX. 

Showing  the  Effect,  as  regards  Plumbo-solvenct,  of  the  addition  to 
varioiis  Acid  Waters  of  Measured  Quantities  of  Calcium 
Sulphate  (CaSOJ. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  shot  filtered  at  the  uniform  rate  of  3  minutes  per  50  e.c.] 


i 

Dewription  of  the  Sample  of  Water. 

Action  on  Lead  (Results  expressed  as 
Parts  per  100.000). 

-g 

H 

1st 
60C.C. 

2nd 
60  CO. 

Srd 
fiOcc. 

4th 
60c.C. 

6th 
60C.C. 

Average. 

1 

Setae  Peat  Pool,  January  26tb,  18M 

0-1 

0*8 

0*6 

0*5 

0*88 

The   same  water,    abaken  with    excess 
CaSOv  decanted. 

0-1 

0-8 

0*4 

0-6 

0*88 

8 

INstilled  miter  addlfled  with  HCl 

0-4 

0*8 

0*8 

0*8 

0*72 

The    same  water  left  in  contact  with 
eiceas  CaS04  for  12  houn,  decanted. 

0-4 

0*8 

1*0 

1*0 

0*84 

8 

Distilled  water  X  add  raaetion        -       - 

0-1 

0*8 

0*4 

0*6 

0*4 

0-84 

The    same  water   shaken    with   excess 
GbJBO«.  decanted. 

00 

0*1 

0*4 

0*4 

0*28 

4 

Hoaelcv  water.  Maroh  10th.  18M    - 

0-1 

0-1 

0*2 

0*4 

0-4 

0*24 

The    aame   water  shaken   with  excess 
OaaO«  for  «  hoor  and  filtered. 

0-0 

0*0 

0*0 

0*0 

0*1 

0*02 

5 

Shipley  water.  Much  lStb,18M     • 

10 

8*6 

2*8 

3*2 

2*64 

The    aame    water    shaken   with  excess 
0aSO4  for  «  hour  and  filtered. 

0*8 

1*6 

2*2 

2*8 

2-04 

• 

8hiplejwateM[arohS0th.l8M     - 

0*6 

1*2 

1*6 

1-8 

1-44 

The  same   water   shaken   with   excess 
Ca804  for  «  horn-  and  filtered. 

0*4 

1*2 

1*8 

1-8 

1*40 

7 

Shipley  water,  JiOy  28rd.  18M 

1*0 

2*0 

8*0 

8-6 

4*0 

2-70 

The   same   water   shaken   wiUi  excess 

0*6 

1*6 

1'6 

1*6 

2-0 

1*40 

8 

Shipley  water.  Au^nst  27th.  18M    • 

1*0 

3*0 

8*0 

8*0 

8*0 

2*60 

The  same  water  left  overnight  in  contact 
with  excess  CaSO«  and  decanted. 

1*5 

8*0 

3*0 

8*0 

30 

2-70 

9 

Hoaaley  water.  August  28th.  1894  • 

0-8 

0*4 

0*7 

0*8 

0*68 

The  same  water  left  overnight  in  contact 
with  excess  CSSO4  and  decanted. 

0*1 

0*4 

0*8 

0-64 

10 

Shipley  water.  November  26th.  189* 

0-5 

1*6 

2*0 

2*6 

2-0 

1*70 

The  same  water  left  overnight  in  contact 
with  excess  OaSO«  and  decanted. 

1-0 

2*5 

8*0 

»-o 

2*40 

It  will  be  noted  that  calcium  sulphate  added  in  excess  to  moorland 
waters  does  not  materially  influence  their  plumbo  solvent  abilitj. 
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Table  XC. 

Showing  the  Effect,  as  regards  Plumbo^solvsiict,  of  the  addition 
to  various  Acid  Waters  of  Measubed  Quantities  of  Sodium 
Chlobide  (NaCl). 

[The  itotion  on  lead  was  tested  by  upward  filtration  through  50  c.o. 
washed  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


i 

Deaoription  of  the  Sample  of  Water. 

Action  on  liead  (Results  expressed  as 
Parts  perl  W.OOO). 

.5 

1             , 

1 

1st 
fiOcc. 

2Dd 
SOcc. 

Srd    !    4th        5th 
fiOcc.   CDcc.  j60c.c. 

Avcragie.. 

Distilled  water  X  acid  reaction         •       - 

0-1 

0-. 

1             • 
0-4    ,    0-5    1    0-4 

0*84 

The  same  water,  +  O'l  per  cent,  sodium 
chloride. 

00 

0*1 

0-8 

0-4        0-6 

1 

0-28 

Settle  Peat  Pool,  February  14th,  1894 

0-6 

1*4 

1-6 

IG    j    1-8 

V4» 

The  same  water,  +  O'l  per  cent.  KaCl      • 

1 
1 

O'e 

0*8 

1*0 

1-^   I   1-0 

0-88 

Mossley  water.  February  10th.  1894 

0*0 

01 

0-2 

1 
0-2        02 

0-14 

The  ssme  water,  +  0"  1  per  cent.  NaCl 

0-1 

0-1 

01 

0-2 

0*3 

014 

Mossley  water,  February  20th,  1894 

00 

0-1 

0-2 

0*2 

0-3 

016 

The  same  water,  +  0*1  per  cent.  NaCl      • 

0-0 

01 

0-8 

0-2 

0-8 

016 

Sbipl€iy  water,  February  87th.  1894 

0*8 

20 

2*4 

2-8 

8.2 

2*14 

The  same  water,  +  0*1  per  cent.  NaCl      - 

06 

20 

2-0 

2*4 

2-4 

1'8S 

Shipley  water.  December  «rd»  1894  • 

1*6 

2*0 

2*5 

2-6 

2'6 

JI-SQ 

The  same  water,  +  0*  1  per  cent.  NaCl      . 

ro 

2*0 

2*5 

2-6 

20 

2*00 

Mossley  water,  December  4th,  1894 

0-1 

0-1 

0-2 

0-2 

0-4 

0*20 

The  same  water.  +  0*1  per  cent.  NaCl      - 

01 

0-1 

0-4 

0-2        0-2 

0-20 
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Table  XCI. 

Showing  the  Effbot,  as  regards  Plumbo-solvenct,  of  the  addition  to 
various  Agii>  Waters  of  Measured  Quantities  of  Ammonium 
Cblobwb  (NH4OI). 

[The  action  on  lead  was  tested  hj  upward  filtration  through  50  c.c. 
washed  shot  at  a  uniform  rate  of  3  minutes  per  50  cc.] 


1 

Action  on  Lead  (Results  stated  a« 
Parts  per  100,000). 

Description  of  the  Sample  of  Water. 



"S 

M 

1st 
60  cc 

2nd 
60  cc. 

3rd 
60  cc. 

4th 
60  cc 

6th 
60  c.c 

Iverage. 

1 

MoMley  water.  Much  22Dd.  1804   - 

0-0 

0-1 

0-2 

0*2 

0-4 

0*18 

The  same  water,  +  0*1  per  cent,  ammo- 
nittm  chloride. 

O'l 

0-2 

0*8 

0*4 

0*8 

0*82 

2    Shipley  water,  April  Srd.  IHM     • 

20 

2-6 

30 

30 

•8-0 

2-7» 

The  same  water,  +  O'l  per  cent.  NH4CI  • 

15 

2-5 

30 

80 

8*0 

t'&^ 

Monley  water,  June  6th.  1894 

0-2 

0-6 

0-8 

0-9 

0*9 

0'6» 

The  same  irater,  +  0*1  per  cent.  NH^Cl  - 

OS 

0*7 

0-8 

0*8 

0*9 

0-7O 

Shipley  water,  June  18th.  1804  • 

1-5 

SO 

33 

40 

4-0 

8*ie^ 

The  same  water»  0 *  1  per  cent.  N  H«CI 

10 

2-5 

2*6 

«-6 

3*0 

2*S» 

Mosalcqr  water,  June  19th.  1894  .       .       . 

0-3 

0-6 

0-8 

0-9 

0-9 

0-7(> 

The  same-water,  +  0*1  per  cf  nf.  NHiCl  . 

0-3 

0-6 

0-7 

0*8 

0-8 

0-84 

Moial«y  water,  September  4th,  1894  - 

01 

0-8 

0-6 

0-7 

0*8 

0-6(V 

The  same  water.  +  0'5  per  cent.  NH4CI  - 

0'« 

1-0 

1-2 

V2 

Vtl 

1-1» 

Shipley  water.  January  21st,  1S95  . 

1-0 

2*5 

2*5 

8*0 

8*0 

2*4^ 

The  same  water.  -I-  01  per  cent.  NH«C1  - 

ro 

2-5 

8*0 

8-0 

2*0 

2-e<> 

Dnnford  Bridge  Beaerroir.  January  23rd, 

1895. 
The  same  water,  4*  0*1  per  cent  NH4CI  • 

01 

0-3 

0-4 

0-6 

0-6 

0*3« 

0-8 

0-6 

O'fl 

0*6 

0*7 

0'8* 

Higher  Swineshaw  Eesenroir,  January 

Slst.  189B. 
The  ksme  water,  +  0*1  per  cent.  NH4CI  - 

0-2 

1-0 

1-2 

12 

1*2 

0*9(5 

0-4 

0*8 

1-0 

1*0 

1 

0'8S 

It  will  hes  seen  from  the  above  tables  that  the  chlorides  of  <odium 
and  ammonium  r^spcctivoly  aIq  not  appear  to  iniflnence  materially  the 
plumbo-solvent  power  of  a  moorland  water. 
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Table  XCII. 

ShoMring  the  Effect,  as  regards  Plumbo-solvenct,  of  the  addition  to 
various  Acid  Waters  of  Measured  Quantities  of  Potassium 
Nitrate  (KNO3). 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


i 

Deicription  of  the  Sample  of  Water. 

Action  on  Lead  (Results  stated 
Parts  per  100,000). 

as 

•g 

1 

Ist 
SOcc. 

2nd 
60  CO. 

8rd 
6O0UJ. 

4th 
fiOox. 

6th 
60  CO. 

Aversse. 

• 

Shipley  water,  March  20tb,18M     - 

0-6 

1'2 

1-8 

2*0 

1*44 

The  same  water.  +  O'l  per  cent,  potassiiun 
nitrate. 

0*4 

1-4 

20 

2-2 

1*62 

Moaley  waten  March  22iul.  18M 

00 

01 

0*2 

0*18 

The  same  water,  +  0'  1  per  cent.  KNO,    • 

O'O 

O'l 

0-8 

0-22 

Mbadey  water,  March  Slat.  18M 

O'O 

01 

0*8 

0-80 

Theiamewater.-t- O'l  per  cent.  KNOs   • 

••0 

01 

0*8 

O'SO 

Shipley  water.  April  Srd.  1894 

2-0 

2*5 

8*0 

2-70 

The  mune  water.  +  O'l  per  cent.  KNQ,   - 

2-0 

8*0 

8-0 

2*80 

Ship]^  water.  October  SSrd.  1894  • 

S'O 

4*0 

4*0 

8-80 

The  same  water.  +  O'l  per  cent  KNQs   - 

2*8 

40 

4*0 

8*70 

Mowley  water.  October  28rd.  1894     - 

O'l 

0*4 

0*8 

0-64 

The  aame  water.  +  0*1  per  cent.  KNOs   - 

0-2 

0-5 

1*0 

0*70 

17ih,1894. 
The  tame  water.  +  0  '1  per  cent.  KNO,    - 

0'2 

1*6 

2*4 

1*72 

0*5 

2*0 

2-4 

1*94 

Shiplej  water.  November  iOth.  1894  -       - 

1-6 

s-0 

8-0 

2*00 

The  same  water,  +  O'l  per  cent.  KNOs   - 

20 

8*0 

8*0 

2-80 

Monley  water.  November  90th,  1894  •       - 

O'l 

0-2 

0*4 

0-28 

The  lame  water.  +  O'l  per  cent.  KNOj    . 

O'l 

0*8 

0*5 

0*88 

0*5 

1'6 

2'B 

I'TO 

Theiamewater,  + 0-1  per  cent.  KNO,    - 

1-0 

2*0 

«-^ 

2-2 

MoMley  water.  November  27th,  1894.      . 

O'l 

0*4 

0-4 

0*8 

O'80 

0*2 

0-4 

••6 

•*B 

0*44 
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Table  XCIIL 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  addition  to 
▼arious  Acid  Waters  of  Measured  Quantities  of  Ammonium 
NiTBATE  (NH^NOs). 

[The  action  on  lead  was  tested  hj  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  cc] 


1 

DeMsriptkm  of  the  Sample  of  Water. 

Action  on  Lead  (Results  stated 
Parts  per  100.000). 

as 

1 

1st 
60  cc 

2nd 
60  ex. 

3rd 
60  0.C. 

4th 
60  CO. 

6th 
60  cc. 

ATerage. 

Moisley  water.  April  6th,  1894 

01 

O'l 

0-2 

0-3 

0'22 

The  eame  water,   +0*1  per  cent.  am. 
moninm  nitrate. 

0*2 

0-6 

0-6 

O'S 

0*80 

Shipley  water,  April  Uth,  1894 

I'O 

2-6 

80 

S'O 

2-50 

The  same  water,  -f  01  per  cent.  NH4NO, 

2'0 

80 

4'0 

3-6 

3-30 

Moesley  water.  April  12lh,  1894 

O'l 

0-4 

0'4 

0-6 

0-40 

The  Mune  water,  +  O'l  per  cent.  NH^NOs 

O'l 

0-5 

0-6 

0-6 

0*62 

Shipley  waier.  Jane  4th,  1894 

8'0 

4*0 

4'0 

4*0 

4-00 

The  flune  water,  +  O'l  per  cent.  NH4NO, 

2-6 

80 

3-6 

40 

3*40 

Shipley  water,  August  21st,  1894     • 

2-0 

40 

4'0 

6'0 

4*00 

The  same  water,  +  O'l  per  cent.  NH4N0a 

2'0 

4'0 

4-6 

6'0 

4*10 

Mossl^  water,  August  21st,  1894 

01 

O'S 

0*4 

0'7 

0*4« 

The  same  water,  4*  0*1  per  cent.  XHiNOs 

0-2 

0-6 

0-8 

I'O 

0*76 

Shipley  water,  August  27lh,  1894     - 

1-0 

SO 

30 

30 

2-60 

The  same  water,  +  0*1  per  cent.  KH4NO3 

1*6 

2'6 

3-0 

8-0 

2-60 

Mossley  water,  August  28th,  1894       .       • 

0'2 

0'4 

0-7 

0*8 

0-68 

The  same  water,  -1-  O'l  per  cent.  NH4N0t 

0-2 

0-7 

I'O 

10 

0*82 

Shipley  water,  September  3rd,  1894 

10 

S'O 

SO 

40 

2*80 

The  same  water,  +  0*1  per  cent.  NH4NO3 

1-6 

8-0 

S'6 

8'6 

3*00 

10 

Mossley  water.  September  4th.  1894 

O'l 

0-3 

0-6 

0*7 

0-60 

The  same  water,  -^  0'6  percent.  NH4NOS 

0'7 

1'2 

1-6 

1-6 

1*84 

u 

Mossley  water,  October  10th,  1894     . 

O'l 

0'4 

0-7 

O'S 

I'O 

0*60 

l%e  same  water,  +  O'l  per  cent.  NH4NOS 

0-4 

1-0 

1-2 

1'4 

1-6 

1*1 

u 

Mowl^  water.  November  ISth  1894 

O'O 

O'l 

OS 

0-6 

0*30 

The  same  water,  +  O'l  per  cenb.  NH4N0a 

0*6 

0-8 

10 

1-1 

0*94 

li 

Mossl^  water,  Norember  20th,  1894 

O'l 

0'2 

0-3 

0*4 

0'28 

The  same  water,  •!-  0*1  per  cent.  NH4NOS 

0-2 

0*4 

0'6 

0'7 

0*64 

u 

Mossley  water,  JamuuT  16th,  1896 

O'O 

O'l 

O'l 

0*1 

0*10 

The  same  water,  •!•  O'l  per  cent.  NH4NOS 

O'S 

0*8 

0'4 

0-4 

0*36 
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Table  XCIV. 

Showing  the  Effect,  as  regards  Plumbo-solvbncy,  of  the  addition  to 
various  Acid  Waters  of  Measured  Quantities  of  Sodium 
Nitrate  (NaNOg). 

[The  action  on  lead  was  tested  hj  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


^ 

DeMription  of  the  Sample  of  Water. 

Action  on  Lead  (Results  stated  as 
Parts  per  100,000). 

s 

1 

1st 
60c.c. 

2nd 
60C.C. 

3rd 

60  C.C. 

4th 
50C.C. 

6th 
60  CC. 

Average. 

1 

Xoasley  water,  April  6tta,  18M 

01 

0*1 

0*2 

0*3 

0*4 

0*22 

The  same  water,  +  0*1  )ier  cent,  sodium 
nitrate. 

0-2 

0*5 

0*6 

0*6 

0-6 

0*48 

s 

Mosaley  water,  June  6th,  1894    .       •       - 

0*2 

0*6 

0-8 

0-9 

0*9 

0*68 

The  same  water,  -f  O'l  per  cent.  NaNO, 

0*8 

0*7 

0-8 

0*8 

0*8 

0*68 

9      Mossley  water,  August  28th,  1894    - 

0-2 

0-4 

0-7 

0*8 

0*8 

0*68 

0-2 

0*4 

0-7 

0*8 

10 

0*62 

4 

Shipley  water.  October  SOth,  1894  . 

1-0 

30 

30 

40 

40 

3*00 

The  same  water,  +  O'l  per  cent.  NaXO,  - 

1-0 

30 

3*0 

4-0 

4*0 

S'OO 

Z 

Kossley  water,  October  80tb,  1894     - 

0-0 

01 

0*2 

0-4 

0-6 

0*24 

The  same  water,  +  O'l  per  cent.  NaNOj  - 

0-1 

0-3 

0-4 

0-5 

0-({ 

0*38 

a 

Shipley  water,  November  5th.  1894   -       • 

2*0 

2-5 

8-3 

30 

30 

2-80 

\  The  same  water,  0'  I  per  cent.  NaNOs 

1 

2*0 

2-6 

3*6 

3*0 

3*0 

2*86 

7    1  Homley  water.  NoTember  6th.  1804 

0*1 

0-4 

0-6 

0*6 

0-6 

0*44 

The  same  water  +  0*1  per  cent  NaNO,    - 

0-2 

0*6 

0*6 

0*6 

0*8 

0*62 

8 

Shipley  water.  November  13ih,  1894  -       - 

2*0 

3*0 

3*6 

4*0 

4-0 

3-30 

The  same  water,  +  0*1  percent  NaNO.  - 

2-0 

3*6 

4-0 

40 

4*0 

3*50 

0 

Mossley  water,  November  13th,  1894 

00 

01 

0*3 

0*8 

0*6 

0*80 

The  same  water,  +  O'l  per  cent.  NaNO,  - 

0*1 

0*4 

0*6 

0*7 

0*7 

0*48 

10 

Dunford  Reservoir,  November  a4th,  1894  - 

0*1 

0*4 

0-6 

0*6 

0*6 

0-44 

The  same  water.  +  O'l  per  cent.  NaNOa  - 

0-1 

0-6 

0*7 

0*8 

0*8 

0-68 

The  above  results  seem  to  show  that  although  potassium  nitrate^ 
ammonium  nitrate,  and  sodium  nitrate  do  not  influence  the  plumbo^ 
solvent  ability  of  moorland  waters  to  any  great  extent,  yet,  on  the 
whole,  they  appear  to  have  a  tendency  to  increase  the  solvent  action 
of  the  water  on  lead. 
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Table  XCV. 

Showing  the  Effect,  as  regards  Plumbo-solyknct,  of  the  addition  to 
certain   Acif>  Moorland  Watsbs  of  Measured  Quantities  of 
Sodium  Nitrite  (NaNOg). 
[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  shot  at  the  rate  of  8  minutes  per  50  c.c] 


«I 

Action  on  Lead  (Results  expressed 
Parts  per  100.000). 

as 

e 

Ddscription  of  the  Sample  of     { 
Water.                      I 

1 

%Be- 

1 

Ist 
60C.C. 

2nd 
60C.C. 

1 

Srd 
60C.C. 

4th 
60  C.c. 

6th 
60C.C. 

Average. 

ductioD. 

1 

Settle  IVat  Pool.  February  6th, 

18&4. 
The  same  water  +  0*1  per  cent. 

ftodiuni  nitrite.* 

00 
0-0 

1 
0-1 

0-0 

0-2 
0-0     , 

0-3 

O'O 

0-3 

O'O 

0'18  1 
O'OO 

100  per 
cent. 

2    SefcUe  Peat  Poo).  February  8th, 

O'l 

0-2 

0-4 

0-5 

0-6 

0-36 

The  lame  water  +  O'l  per  cent. 
Kodium  nitrite.* 

00 

O'O     , 

1 

00 

O'l 

O'l 

0*04 

89  per 
cent. 

Mossley  wat-^r,   February  9th, 

1894. 
The  aanio  water  +  0'  1  per  cent, 

Bodinm  nitrite.* 

00 
00 

O'O 
00 

1 

O'l 
0-0 

O'l 
00 

0'2 
00 

008 
O'OO 

100  per 
cent. 

i 

Mcusiey  \vat(>rk  February  ICtli, 

1894. 
The  aamewater  +  O'l  per  cent. 

sodium  nitrite.* 

O'O 
O'O 

O'l 
00 

a-2 

0-0 

0-2 
0-0 

0'2 
00 

014 
0-00 

100  par 
cent. 

6 

Mossley  water,  Febnury  20th. 

188 1. 
The  same  water  +  O'l  per  cent. 

Kodium  nitrite.* 

O'O 
O'O 

O'l 
00 

0-2 
O'O 

0'2 
0-0 

O'S 
O'O 

0*16 
O'OO 

100  per 
cent. 

6 

Settle  Peat  Pool,  February  24th. 

1894. 
The  same  water  +  O'l  per  cent. 

sodium  nitrite.* 

0*4 
0-0 

I'O 
0-2 

1-2 
0-3 

1'2 
0'3 

1'2 
O'S 

I'OO 
0'22 

78  per 
cent. 

7 

Shipley  water,  Fcbniary  27th, 

The  same  water  +  0*1  per  cent. 
ROdium  nitrite.* 

0-8 
0-8 

2-0 

1'6 

] 

2-4 
2-0 

2-8 
2-0 

3'2 
2'0 

2' 24 
1*68 

26  per 
cent. 

8 

1 

;  Settle  Peat  Pool,  February  28th, 
1      18941 

!  The  same  water  +  0"  I  per  cent, 
sodium  nitrite.* 

0*4 
0'2 

0-9 
0'2 

I'O 
0-2 

1-2 
0-2 

1'2 
0-2 

0*94 
0-20 

73  per 
cent. 

9 

Shipley  water,  March  6th,  1894  - 

0-8 

20 

2-2 

2'4 

2'8 

2*04 

The  same  water  +  O'l  per  cent, 
sodium  nitrite.* 

0'2 

10 

1-2 

1-2 

1-6 

1*04 

40  per 
cent. 

10 

Settle  Peat  Pool.   March    9th. 

1894k 
The  same  water  +  0*1  per  cent. 

sodium  nitrite.* 

U-4 
O'l 

I'O 
0-2 

1-4 
0'4 

1'4 
0'6 

1'6 
06 

1-14 
0*36 

68  per 
cent. 

1 

*  The  sample  of  sodium  nitrite  had  an  alkaline  reaction.  Probably  the  nnljction  of  the 
piambo-aolvent  ability  after  the  addition  of  the  salt  wns  duo,  at  all  events  in  part,  to  this 
cause.  < 

Sodium  nitrite  seemed  to  have  a  decidedly  inhibitory  influence  on 
the  plnmbo-solvent  power  of  moorland  waters ;  but  it^  was  found  out 
after  the  experiments  were  completed  that  the  sample  of  sodium  nitrite 
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employed  had  an  alkaline  reaction;  this  fact  probably  explains  the 
apparent  inhibition  of  plumbo-Bolvency. 

Table  XCVI. 

Showing  the  Epfbct,   as   regards  Plumbo-solvency,  of  the  addition 
to   certain   Acid  Moorland   Waters  of  Measured  Quantities 
of — (a)  Calcium  Phosphate  and  (6)  Sodium  Phosphate. 
[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
50  c.c.  washed  lead  shot  nt  a  uniform  rate  of  3  minutes  per  50  c.c] 


Description  of  the  Experiment. 


Action  on  Lead  (Resulta  stated  as 
Parts  per  100,000). 


Acidity  in 
Terms  of  C.C.  I 

^^Na,C0,     I 

required  to 

neutralise    I  I  I  I  I 

100  c.c.  of     '   Ist    ;  2rid      Srd      4th      6th 
the  Water.    50  c.c.  60  c.c.'so  cc'so  c.c.  50  cc, 

I'll! 


Arerass. 


(a.)  April  6, 1894,  Mossley  water 

(6.)  The  same  water  +  O'l  per 
cent,  calcium  phosphste. 


(a.)  June  4, 1894, 8hipley  water  - 

(6.)  The  Mme  water  +  0*1  per 
cent,  sodium  phosphate. 

(a.)  December  10.  1894.  Shipley 
WB  ter  after  filtration  through 
filter-paper. 

(6.)  The  same  water  shaken  with 
0*1  per  cent,  sodium  phos- 
phate and  filtered  through 
niter-paper. 

(e.)  The  same  water  shaken  with 
0*1  percent,  calcium  phos- 

8 hate  and  filtered  through 
Iter  papar. 


(a.)  December  17.  189».  Shipley 

water      after       filtmtiou 

through  Alter  paper. 
(6.)  The  same  water  shaken  with        Neutral 


0-30 
Neutral 

1*80 
Neutral 

Acid 
Neutral 

Neutral 
Acid 


0'  1  per  cent,  sodium  phos- 

8 hate  and  fi 
Iter  paper. 


>hate  and  filtered  through 
Jlter  paper, 
(c.)  The  same  water  shaken  with 
1*1  per  cent,  calcium  phos- 

>hate  and  filtered  through 


(a.)  March  19,  1896.  Shipley 
water  after  filtration 
through  filter  paper. 

(6.)  The  same  water  shaken  with 


0*1  per  cent,  sodium  phos- 

S hate  and  fl" 
_  Iter  paper. 


»hate  and  filtered  through 
Jlter  paper, 
(c.)  The  same  water  shaken  with 

filter  paper. 


O'l  per  cent. calcium  phos- 
»hate  and  filtered  through 


(a.)  March  26,  1896,  Shipley 
water  after  filtration 
through  filter  paper. 

(6.)  The  same  water  shaken  with 
O'l  per  cent,  sodium  ph^is- 
phate  and  filtered  through 
filter  paper. 

(c.)  The  same  water  shaken  with 
O'l  per  cent,  calcium  phos- 
phate and  filtered  through 
filter  paper. 


Neutral 

0*48 
Neutral 

Neutral 

0-eo 

Neutral 
Neutral 


O'l 
00 

SO 
00 

0'6 
O'O 

00 

I'O 
0-0 

0-0 

0*4 
0-0 

O'O 

0*6 

00 

O'O 


01 

0'2 

O'S 

O'O 

O'O 

O'l 

4*0 

40 

40 

00 

O'O 

O'O 

0*6 

0'6 

10 

O'O 

00 

O'O 

O'O 

O'O 

0*0 

2*0 

2'6 

8'0 

0-0 

O'O 

O'O 

O'O 

0*0 

0-0 

0*8 

1*0 

I'O 

00 

0-0 

00 

O'O 

O'O 

O'O 

1'4 

I'e 

1-6 

O'O 

00 

O'O 

0*0 

0-0 

O'O 

0'4 
01 

6'0 
O'O 

10 
O'O 

O'O 

S'O 
O'O 

O'O 

I'O 
O'O 

00 

1'6 
O'O 

O'O 


0*22 
0*04 

400 
COO 

0'70 
0*00 

0*00 

2'SO 
0*00 

0*00 

0*84 
0*00 

O'OO 

1*40 

0*00 

000 
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Table  XCVI. — continued. 


Acidity  in 

Terms  ol  c.c. 

Action  on  Lead  (Besults  stated  as 

Description  of  the  Experiment. 

i5  Na.CO, 

required  to 
neutralise 
100  c.c.  of 
the  Water. 

Parts  per  100,000). 

Ist  1  2nd      Srd 
60  c.c.  50  c.c.  50  o.c. 

4th 
50  0.0. 

6th 
50  ac. 

Average. 

7 

(a.)  April  2.1895,  Shipley  vater 
after     flltntion     through 
filter  paper. 

0-72 

1-2 

1-4      1-6 

1-6 

1-6 

1-4S 

(6.)  The  same  water  shaken  with 

Neutral 

0-0 

0-0      0-0 

0-0 

0-0 

0-00 

O'l  per  cent,  sodium  phos- 
phate and  filtered  through 
filter  paper. 

(c.)  The  same  water  shaken  with 

Neutral 

0-0 

0-0 

0-0 

0-0 

0-0 

O'OO 

0 *  1  per  cent,  calcium  phos- 

phate and  filtered  through 
filter  paper. 

8 

(a.)  April  9,  1895.  Shipley  water 
after    filiation     through 
filter  p^)er. 

0-72 

0-8 

1-4 

1-6 

1-6 

1-8 

1*44 

(6.)  The  same  water  shaken  with 

Neutral 

0-0 

0-0  !    0-0 

0-0 

0-0 

0-00 

0*1  per  cent  sodium  phos- 
phate and  filtered  through 
filter  paper. 

(e.)  The  same  water  shaken  with 

Neutral 

0-0 

0-0 

00 

0-0 

0-0 

0*00 

0*1  per  cent  calcium  phos- 

phate and  filtered  tnrough 
fliter  paper. 

Both  calcium  and  sodiam  phosphates,  used  in  tho  proportion  of 
O'l  percent.,  removed  from  acid  moorland  waters  their  plumbo-solvent 
abilitj;  but  in  each  case  treatment  with  these  substances  neutralised 
the  aciditj  of  the  waters,  and  this  would  in  ail  probability  account  for 
the  results. 

Tablb  XCVII. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  addition  to 
various  Acid  Waters  of  Measured  Quantities  of  Potassium 
Silicate. 

[The  action  on  lead  was  tested  by  upward  filtration  through  60  c.c. 
washed  lead  shot,  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


i 

Description  of  the  Sample  of  Water. 

Action  on  Lead  (Results  stated  as 
Parte!  per  100,000). 

I 

1st 
50C.C. 

2nd 
50  cc. 

Srd 
50  c.c. 

4th 
60  CO. 

5th 
60  CO. 

Average. 

1 

2 

8 

Hossley  water.  March  10th.  1894    - 

The  same  urater,  shaken    with  excess 
potassium  silicate,  and  filtered. 

Shipley  water,  March  13th.  1894  -      -      - 

The  same  water,  shaken  with   excess 
potassium  silicate,  and  decanted. 

Shipley  water.  March  27th.  1894     • 

The  same    water,  shaken    with  excess 
potassium  silicate,  and  filtered. 

0-1 

*o-o 

1-0 
•0*0 

0-8 
•0*0 

01 
0-0 

2-6 
0-0 

2-4 
0-0 

0-2 
0-0 

2-8 

0-0 

2-8 
00 

0'4 
0-0 

3-2 
00 

3-2 
0*0 

0-4 
00 

8-6 
0-0 

S-2 
0-0 

0-24 
O'OO 

2-64 

o-oo 

2-48 
000 

*  The  sample  of  potassium  silicate  hsd  a  marked  alkaline  reaction,  and  its  addition  to  the 
water  in  each  case  remoyed  the  acidity.  There  can  he  little  doubt  that  the  absence  of  the 
phimho-solTent  ability  after  the  addition  of  the  salt  was  due  to  this  cause. 

E     98614.  M 
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There  can  be  little  doubt  that  in  the  case  of  pola-ssium  silicate  also 
the  inhibition  of  plumbo-solvency  was  due,  not  to  the  action  of  the 
silicate,  as  silicate,  but  to  the  presence  of  alkali  neutralising  the  aciditj 
of  the  water,  and  therefore  correcting  its  plumbo-solveut  abilitj. 

In  the  following  table  (Table  XCVIII.)  the  effect,  as  regards  plumbo- 
flolvency,  of  the  addition  to  various  acid  waters  of  measured  quantities 
of  silica  (SiO,)  is  shown  : — 

Table  XCVIII. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  addition  to 
various  Acid  Watebs  of  Mbasubed  Quantities  of  Silica  (SiOs). 

[The  action  on  lead  was  tested  hy  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  c.c] 


Description  of  the  Sample 
of  Water. 

Acidity 

in  terms 

ofcc. 

^Na,COa 

required 

to 

neutralise 

100  c.c. 

of  the 

water. 

Action  on  Lead  (Rt^aults  stated 
Parts  per  100,000). 

an 

{ 

1st 
60  CO. 

2nd 
50  c.c. 

8rd 
60  cc 

4th 
60  cc. 

6th 
60  cc. 

Average, 

I  '  (a.)  Shipley  water.  October  30th. 

1894. 

(b.)  The  same  water  after  shak- 

ing  with  excess  sUica  (SiO.)  ; 

allowed  to  stand  for  12  hours, 

1     and  then  decanted. 

1-00 

1-0 

8-0 

80 

4*0 

4-0 

8*00 

0-78 

1-0 

2-0 

2-6 

2-5 

2-5 

2*10 

^     (a.)  Moasley  water,  October SOth. 
1S94* 
lb.)  The  same  water  after  shak- 
ing with  excess  silica  (SiO,) ; 
aUowedto  stand  for  12  hours. 
1      and  then  decanted. 

0*36 

0-0 

0-1 

0-2 

0-4 

0-5 

0*84 

0*84 

0-1 

01 

0-2 

0-2 

0-3 

0*18 

3     la).  Shipley  water,  November 
6th.  18M.                              ,    , 
(6.)  Thp  same  water  after  shak- 
ing with  excess  silica  (SiOa) ; 
allowed  to  stand  for  12  hours, 
and  then  decanted. 

roB 

0-78 

8*0 
1-0 

2-5 
1-6 

8*6 
2-0 

3-0 
2*5 

8-0 
2-0 

8-8 

1-90 

4     (a.)  Mossley  water.  November 
6th.  15?94. 
(6.)  The  same  water  after  shak- 
inK  with  excels  silica  (SiOa) ; 
allowed  t")  stand  for  12  hours, 
and  then  decanted. 

0-42 
030 

01 

0-0 

0-4 
0-0 

0'5 

0-1 

0*6 
0-1 

0-6 
0-1 

0*44 
0-06 

4 

la.)  Ringdtone  Reservoir,  No- 
vember 7th.  1894. 

(ft.)  The  aame  water  shaken  with 
excess  silica  (SiOs) :  allowed 
to  stand  for  12  hours,  and  then 
decanted. 

0*96 
0-06 

I'O 
1-0 

2*0 
2-0 

8-0 
2-4 

4-0 
2*4 

8-6 
2-8 

2*ro 

2*18 

«  '■  (a.)  •Lowmoor     Catch    water, 

November  7th.  18M. 

(ft.)  The  same  water  after  shak. 

ing  with  excess  silica  (SiOt) ; 

allowed  to  stand  for  12  hours, 

1     and  then  decanted. 

0*60 
0-30 

0'4 
0-0 

1-a 

0-2 

1'6 
0-2 

1-4 
0-2 

1*4 
0-4 

1*» 

0*20 

7     (a.)  Shipley  water,  November 
:     13th,  1894. 
(ft.)  The  same  water  after  shak- 
ing with  excess  silica  (SiOj) ; 
1     allowed  to  stand  for  12  hours, 
and  then  decanted. 

1-02 
0-84 

2-0 
1-6 

8-0 
2-5 

8-6 

2-6 

4-0 
3-6 

4-0 
S'O 

8*30 
S-00 

*  The  sample  of  water  was  taken  from  a  point  just  before  entering  Bingstone  Reservoir. 
N.B.— 0*1  per  cent,  of  silica  (8iO«)  was  used  in  each  oase. 
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It  will  be  DOted  that,  under  the  conditions  of  experiment,  silica 
(SiOj)  bad  seemingly  some  slight  effect  in  reducing  the  acidity  and 
plambo-solvent  ability  of  the  various  waters.  Nevertheless,  at  the  end 
of  the  ezjieriment,  the  waters  remained  in  a  dangerous  condition,  as 
regards  potential  solvent  iMtion  <»  lead. 

The  following  table  (XOIX.)  shows  the  effect,  as  regards  plumbo- 
solvency,  of  the  addition  to  various  acid  waters  of  measured  quantities 
of  a  hard  limestone  water  (Settle  Public  Supply)  : — 

Table  XCIX. 

Showing  the  Effect,  as  regards  Plumbo-solyenct,  of  the  addition  to 
various  Acid  Waters  of  Measured  Quantities  of  a  hard 
Limestone  Water  (Settle  Public  Supply). 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


Description  of  the  Sample  of  Water. 


Action  on  Lead  (Results  stated  as 
Parts  pep  100.000). 


Ist    >   2ud   I    3rd        4th       5th 
50  C.C.    50  c.c.   60  C.C.    50  c.c.  i  50  c.c. 


Aven^, 


Shipley  water,  Jnl7l5tb«18M        -  •      1*5 

The  same  water,  6  parts,  with   1   part      0*0 
Settle  water. 


Hossley  water,  July  15th,  1891    -             -  O'l 

The  same  water,  60  parts,  with  1  part  O'O 
Settle  water. 

Shipley  water,  Jul^  28rd,  18M   •             -  1*0 

The  same  water   10  parts,  with  1  part  O'O 
Settle  water. 

Mossley  water,  July  24th,  18M       -          •  O'O 

The  same  water,  10  parts,  with  1  part  O'O 
Settle  water. 


Shipley  water,  August  6th,  1804       -  0*5 

The  same  water,  10  parts,  with  1  part      0*0 
Settle  water. 


Motsley  water  August  7th,  18M      -       •      0*1 

The  same  water,  50  parts,  with  1  part      0*0 
Settle  water. 

The  same  water,  10  parts,  with  1  part      0*0 
Settle  water. 


Shipley  water,  August  mh,  1894    •         ^  1*0 

The  same  water,  5  parts,  with   1  part  0*0 
Settle  water. 

Morley  water,  August  17th,  1894      -       -  O'O 

Tha  same  water,  10.  parts,  with  1  part  O'O 
Settle  water. 


2*5 

0*0 


0-4 
•  1 


2*0 

O'l 


0-3 
O'O 


2*0 
O'l 


3*0    I 

I 
O'O    I 


S'O 
O'O 


0'5 
O'l 


3*0 

O'l 


0-5 
O'O 


2*6 
0*2 


0-6 
0-2 


s*e 

0*2 


0*6 
O'O 


8'0 
0-2 


0-4 

1   o-a 

1 

0-8    1 

1 

O'l 

0-2 

0'3    1 

O'O 

O'O 

00 

2*6 

2-0 

30 

0*0 

0*0 

0*0 

O'l 

0*4 

0*6 

0*0 

O'O 

00 

3'0 
00 


0-6 
0-2 


4*0 
0*2 


0*7 
O'O 


2*60 
0-00 


0*44 
0-12 


2*  70 
O'U 


0*41 
0*00 


2*6 

2*10 

0*t 

0*14 

0*9 

,0*66 

0-3 

018 

O'O 


0*00 


t-o 

2-W 

O'O 

0*00 

0-7 

0-36 

00 

0*00 

M  2 
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Table  XCIX. — continued. 


DMoription  of  the  Bample  of  Wster. 


Action  on  hatd  (Reaultt  stated  u 
ParU  per  100.000). 


ist 
60c.c. 


2nd       Srd 
60  cc.  00  CO. 


4th    I    6th 
60  CC  I  60  cc 


Ayerai^. 


10 


U 


12 


13 


14 


Shipley  water,  Aiiffaft2Ut.l8M    • 

The  tame  water,  6  parts,  with  1  part 
Settle  water. 


Monlej  water.  August  2l8t.  1884    - 

The  same  water.  10  parts,  with  1  part 
Settle  water. 


Shipley  water.  August  27th.  18M     • 
*(Hajrdne8S-6*4.) 

The  same  water.  6  parts,  with  1  part 
Settle  water. 


*(Hirdne88»6*8.) 


Mossley  water,  August  28th.  1894 
•(Har(Uiessa2'8.) 

The  same  water.  12  parts,  with  1  part 
Settle  water. 


•(Hardness  i- 4*6.) 


Shipley  water,  September  Srd.  18M 
•(Hardness  a  6*3.) 

The  same  water.  6  parts,  with   1   part 
Settle  water. 

•(Hardness  ::=  6*7.) 


Hoesley  water.  September  4th,  1894  - 
•(Hardness -2*8.) 

The  same  water,  12  parts,  with  1  part 
Settle  water. 

•(Hardness  =  4-6.) 


2*0 
0*0 


0-1 
0-0 


1-0 
0-0 


0*2 
00 


10 
0-0 


4-0 
O'O 


0-8 
0-0 


8*0 
00 


0-4 
O'O 


SO 
0-0 


i 


O'l       0-s 

I 

0*0        O'O 


4'0 

6-0 

0-0 

0*0 

0'4 

0-7 

0*0 

00 

80 

3'0 

0*0 

0*0 

0*7 

0*8 

0-0 

0*0 

S'O 

4*0 

0*0 

O'O 

0*6 

0*7 

00 

0*0 

S'O 
O'O 


0*8 
00 


30 
00 


0*8 
0*0 


SO 
00 


0*8 
00 


400 
000 


0-48 
O'OO 


2-60 
0*00 


0*88 
0*00 


2*80 
O'OO 


0*60 
O'OO 


•  OaCOa  parts  per  100.000. 

The  results  clearly  show  the  great  reduction  in  plumbo-solvent  ability 
which  results  from  the  mixture  of  a  soft  acid  moorland  water  with  a 
hard  water  possessed  of  a  considerable  degree  of  acid-neutralising  ability. 
It  will  be  noted  that  an  admixture  of  one  part  in  six  of  Settle  water 
with  Shipley  water  so  altered  the  character  of  the  latter  that  it  lost 
altogether  its  power  of  dissolving  lead.  When  the  proportion  of  Shipley 
water  to  Settle  water  was  as  ten  to  one,  a  feeble  solvent  action  on  lead 
occurred ;  but  it  was  so  slight  in  character,  in  comparison  with  the 
plumbo-solvent  ability  of  ''  untreated  "  Shipley  water,  as  to  be  almost 
negligible.  Mossley  and  Morley  waters  containing  10  per  cent,  of  Settle 
water  were  changed  from  waters  possessed  of  decided  plumbo-solvent 
ability  into  waters  destitute  of  any  appreciable  solvent  action  on  lead. 
Even  2  per  cent,  of  Settle  water  modified,  to  a  striking  extent,  the 
plumbo-solvent  power  of  Mossley  water. 
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In  the  foUowing  table  (Table  C.)  the  eflfect,  as  regards  plumbo- 
solvency,  of  the  additiorf  to  various  acid  waters  of  measui'ed  quantities 
of  ammonium  caibonate  is  shoivn : — 


Table  C. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  addition  to 
various  Acid  Waters  of  Measured  Quantities  of  Ammonium 
Carbonate  {l^B.^^'^^i- 

[The  action  on  lead  was  tested  by  upward  filtration  through  60  c.c. 
washed  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


^ 

Description  of  the  Sample  of 
Water. 

Be. 

action. 

Action  on  Lead  (Results  sUted  as 
Parte  perlOO.000). 

Ist 
0Oc.c. 

2nd 
60C.C. 

Srd 
fiOcc. 

4th 
60C.C 

5th 
Wcc 

Average. 

Shipley  water,  June  4th.  1804     - 

Acid 

80 

4-0 

40 

4-0 

6-0 

4-00 

The  same  water.  +  O'l  per  cent, 
ammoniom  carbonate. 

Neutral 

0*0 

0-0 

0-0 

0-0 

0-0 

0-00 

Shiplf^  water.  October  80th.  1894 

Add 

1-0 

80 

4-0 

4-0 

800 

'%l^j^-*'-"'"^'- 

Neutral 

00 

O'O 

0-0 

0-0 

0-00 

Ho§dey  water.    October    SOth. 

Acid 

O'O 

0*2 

0-4 

0-5 

024 

The  nune  water.  +  O'l  per  cent. 

Neutral 

0-0 

0-0 

0-0 

0-0 

0-00 

Sbiptey   water.  November   6th. 

Add 

2-0 

8*6 

SO 

80 

2-60 

'^nIT^ST'""'''^""*- 

Neutral 

0-0 

0*0 

0-0 

0-0 

0-00 

MoMlegr  water.  November  6th. 

Acid 

0-1 

0-5 

0-6 

0-6 

0-44 

■^liSSSSf"' *»•'•*"»"'• 

Neutral 

0-0 

0-0 

0*0 

0-0 

0-00 

Momikv  water.  Norember  20th. 

Add 

0-1 

0-2 

0-8 

0-4 

0*4 

0-28 

'^NSStdST'*"''*''^ 

Neutral 

0-0 

0-0 

0*0 

0-0 

0-0 

0-00 

It  will  be  seen  that  ammonium  carbonate,  in  the  proportion  of  0*  1  per 
cent.,  sufficed  to  neutralise  the  waters,  and  thereby  to  remove  their 
plambo*8olvent  ability. 
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Table  CI.  shows   the  fiflect,   as   regards    plutnbo-solvency,   of   the 
neutralisation  of  certain  acid  waters  by  lime  water. 


Table  CI. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  Neutrali- 
sation of  certain  Acid  Waters  by  Lime  Water. 

[The  action  on  lead  was  tested  by  upward  filtration  through  60  c.c. 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c] 


*»• 

Description  of  the  Sample  of 
^ater. 

Hard- 

ness 

CaCO, 

A 

ipt 
60  CO. 

iction  on  Lead  (Results  stated 
Parts  per  100,000). 

as 

1 

2nd 
50C.C. 

Srd 
60C.C. 

4th 
fiOcc. 

0-8 

6th 
50  c.c. 

Average. 

1 

Mossley  water.  October  16th.  18M 

2-8 

0-2 

0*6 

0-9 

I'O 

0'7(> 

The  same  water  after  neutrali- 
sation with  lime  water. 

»-9 

0-0 

0-0 

0-0 

.0-0 

0-0 

0-00 

2 

Moflsley  water,  October  90th.  1894 

8-5 

0-0 

01 

0-2 

0-4 

0-6 

0-24 

The  tame  water  after  neutrali- 
iiation  with  lime  water. 

6-2 

0-0 

0-0 

O'O 

00 

0-0 

o-oo 

3 

Mossley  water,  NoTember  8th. 

1894. 
The  same  water  after  neutrali- 

sation  with  lime  water. 

S-8 

6*1 

0-4 

0-5 

0-0 

0-6 

0-44 

6-2 

0-0 

00 

0-0 

00 

0-0 

O-OO 

4 

Ardsley  untreated  water.  Novem- 
ber 16th,  1894. 

The  same  water  after  neutrali- 
sation with  lime  water. 

—   . 

2-0 
0-0 

2*6 
0-0 

8-0 
0-0 

30 
0-0 

3-0 
0-0 

2-7» 
OOO 

6 

Mossley  water.  November  20th. 
1894. 

The  same  water  after  neutrali- 
sation with  lime  water. 

8-8 

O'l 

0-2 

0-3 

0-4 

0-4 

0-28 

4-9 

0-0 

0-0 

0*0 

00 

00 

O-OO 

6 

Dunford  Reservoir.    November 
24th. 1894. 

The  same  water  after  neutrali- 
sation with  lime  water. 

- 

0-1 
0-0 

0*4 
0-0 

0-5 
0-0 

0-6 
00 

0-6 
00 

0-44 
O-OO 

7 

Mossley  water,  November  «7th, 
1894. 

The  same  water, aftci*  neutrali- 
sation with  lime  water. 

— 

0-1 

0-4 

0-4 

0*4 

0*6 

o-se 

" 

O'O 

0-0 

00 

0-0 

0-0 

0-00 

It  is  to  be  noted  that  neutralisation  with  lime  water  rendered  the 
moorland  waters  less  **  soft "  than  before ;  by  neutralising  their  acidity 
it  changed  them  from  acid  plumbo-solvent  waters  into  neutral  non- 
plumbo- sol  vent  waters. 

In  the  following  (able  (Table  CII.)  the  effect  is  shown,  as  regards 
plumbo-solvency,  of  the  addition  to  certain  acid  waters  of  measured 
quantities  of  powdered  chalk  : — 
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Table  Clf. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  addition  to 
certain  Acid  Waters  of  Measured  Quantities  of  Powderkp 
Chalk  (CaCOs). 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c, 
washed  shot  at  the  rate  of  3  minutes  per  50  c.c] 


Action  OD  Lead  (Besnlts  expressed  b» 

Parts  per  lUO.OOO). 


Lit       2nd       3rd       4th        r.th 
50  C.C.   50  C.C.  1 50  C.C.  I  60  c.c.  I  60  c.c. 


AveraKei. 


Difttilted  water  boiled. allowed  to 
cool;  CO*  paiaed  ibrougb  for 
i  hour. 

Distilled  water  boiled,  allowed 
to  oool;  COfl  passed  through 
for  i  hour,  left  in  contact  excess 
powdered  Jimestone  for  li 
hours,  filtered. 

Distilled  water  X  (acid  reaction) 

The  same  water  shaken  with 
excess  CaCq,  ( powdered  chalk ) 
for  \  hour,  filtered. 


Mossl^y  water,  January  26th,  18M 

SuBie^water  shaken  with  excess 
'  ©wd 
ured 


OaCO.  (powdered  chalk)  for  \ 
hour,  filter  ' 


Moasley  water,  February  1st.  1894 

The  same  water,  shaken  with 
excess  CaCOs  for  |  hour, 
filtered. 

Shiptoj  water»  February  2nd,  1884 

The  nine  water,  shaken  with 
excess  OaCOs  for  k  hour,  filtered. 

Shipley  water,  February  8fd,18M 

The  same  water,  shaken   with 
CaCOk  for  i  hour,  filtered. 


7  I  Settle  P€*t  Pool,  February  3rd, 

The  same  water,  shaken  with 
excess  CsCOj  for  i  hour,  filtered. 

Settle  Peat  Pool,  February  5th, 

1894. 
The  same  water,  shaken  with 

excess  CaCO«  for  i  hour,  filtered. 

Settle  FWt  Pool,  February  8th, 
199!^ 

The  same  watet,  shaken  with 
CaCOa  lor  i  hour,  HlUred. 


Uosdey  wsfcer,    February  9tb, 

1894. 
The  same  watnr,  shaken   with 
CaCOa  for  i  hour,  flltertd.  i 


Acid 


Faintly 
acid. 


Acid 
Neutral 

Aoid 
Neutral 

Acid 
Neutral 

Acid 
Neutral 

Acid 
Neutral 

Aoid 
Neutral 

Acid 

Neutral 

Acid 

Neutral 

Acid 
Neutral 


2-8 

2-8 

0-2 

0  1 

0-2 

0-4 

0*0 

0-0 

01 

0-1 

0*0 

0-0 

0-0 

0-1 

O'O 

0^0 

1-2 

B'8 

00 

0-0 

1-6 

$•2 

0-0 

00 

0-0 

01 

0-0 

0-0 

0-0 

01 

0-0 

o:o 

O'l 

0*2 

0-0 

0-0 

00 

00 

O'O 

0-0 

2*8 


0-1 


0-6 
0-0 


0-1 
O'O 


28 


2-H 


O'l  ;  O'O 


0-6 
0-0 

o-i 

00 


01  I  01 
00  ,.  0-0 


2-8 
00 

3*4 
00 

0-3 

0-0 

02 

00 

0-4 
0-0 

O'l 
00 


2-8 
00 

4-0 
0-0 

0-6 
00 

O'S 
0-0 

0-5 

0-0 

0-1 
O'O 


o-« 

00 

0-2 
00 

0-2 
0  0 

30 
00 

40 
O'O 

0-fl 
00 

03 

0-0 

0-6 

O'A 

02 
O'O 


2*80 
O'lO 

0'4S 
0*00 

0-lS 
O'OO 

O'la 

O'OO 
2'6X 

o-oo 

8*24 
O'OO 

o-» 

O-OO 

o-is 

O'OO 

rsst 

O'O^ 
Q-OS  . 
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Tablt!  CII. — continued. 


& 

Deseription  of  the  6ainp!e  of 
Water. 

Be- 

aotion. 

Action  on 

Lead  (Results  expressed  as 
Parts  per  100,000). 

1st 
50C.C. 

2nd 
60C.C. 

Sid 
60C.O. 

4th 
fiOcc. 

6th 
80  cc. 

Average. 

11 

MoMley  water,   Pebruaiy  16th, 

1894. 
The  same  water,  shaken  with 

excen  OaOOa  for  i  hour,  filtered. 

Acid 

0*0 

0*1 

0-2 

0*2 

0*14 

Neutral 

0*0 

0*0 

0*0 

00 

00 

0-00 

12 

UoMiej   water.  February  20th, 

1894/ 
The  Mine  water,  shaken  with 

excess  CaCO,for  i  hour,  filtered. 

Acid 

0*0 

0*1 

0*2 

0*2 

0*16 

Neutral 

00 

00 

0*0 

0*0 

0-0 

0-00 

18 

Settle  Peat  Pool.  February  24th, 

1894. 
The  same  water,  shaken  with 

excess  CaCOsfor  ihour.  filtered. 

Add 

0-2 

10 

1-2 

1*2 

1*2 

0-96 

Keutral 

0*0 

00 

0*0 

0*0 

00 

0-00 

14 

Shirfey  water,   February    27th 

The  same   water,  shaken  with 
excess  OaOO,  for  i  hour,  filtered. 

Acid 

0*8 

2*0 

2-4 

2*8 

3*2 

2t4 

Neutnd 

0-0 

0-0 

0*0 

0*0 

0-. 

0-00 

16 

Beaie  Peat  Pool.  February  28th, 

1894. 
The  same  water,  shaken  with 

excess  CaOOi  tor  ♦  hour,  filtered. 

Acid 

0-4 

0*9 

1-0 

1*2 

1-2 

0-94 

Neutral 

0*0 

0*0 

0-0 

0*0 

0-0 

0-00 

16 

Settle  Peat  Pool,  March    2nd, 

Acid 

0*2 

0*4 

1*0 

1-2 

1*2 

0-80 

1894. 
The  same  water,  shaken  with 
excess  OsOOi  for  ihour.  filtered. 

Neutral 

0*0 

0*0 

0*0 

0*0 

0*0 

000 

17 

Shipley  water,  October  8th.  1894 
(Hardness  =  5-3).* 

Add 

2*0 

3*0 

3*6 

9*6 

4*0 

S-20 

The  samn  water,  shaken  with 

excess  CaOOs  for  i  hour,  filtered. 

(Hardness- 12-6).» 

Neutral 

0-0 

O'O 

0*0 

0*0 

0*0 

0-00 

18 

Hossley    water,  October    10th. 
1894. 

(HaMness  =  2-8).« 

Acid 

0*1 

0'4 

0-7 

0*8 

I'O 

o-eo 

The  same  water,  shaken  with 
excess  (}aCO,  for  k  hour,  filtered. 
(Hardness  =  9-1)  .• 

Neutral 

O'O 

0*0 

0*0 

0*0 

O'O 

0-00 

19 

Mossley  water,  November  5th. 
1894. 

(Hardness  «  3*8).* 

Add 

0*1 

0-4 

0*6 

0-6 

0*6 

0-44 

The  same  water  left  OTemight  in 
contact  with  exums  Ca(X>«  and 
decanted 

(Hardness  =  6-7).* 

Neutral 

0-0 

0-0 

0*0 

0*0 

O'O 

0-00 

•  Besults  stated  ss  parts  CaCO^  per  100,000. 
N.B.— Excess  of  OaCO.  meant  0*1  per  cent. 

The  above  table  includes  an  experiment  (Experiment  1)  in  which 
previottslj  boiled  distilled  water  was  saturated  with  OO,.  The  water  in 
consequence  was  strongly  acid  and  dissolved  lead  to  a  marked  extent. 
A  similarly  treated  water,  after  intimate  contact  with  powdered  limestone, 
lost  almost  completely  its  acidity  and  plumbo  solvent  ability.  As 
regards  the  naturally  acid  and  plumbo-solvent  waters,  these  in  each 
case,  after  '*  treatment "  with  chalk,  lost  their  acidity  and  power  to 
dissolve  lead. 
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The  following  table  (Table  CIII.)  is  an  important  one.  It  shows 
the  effect,  as  regards  plumbo-solvencj,  of  the  neutralisation  of  acid-* 
moorland  waters  with  sodium  carbonate. 

Tablb  CIII. 

Showing  the  Effect,  as  regards  Plumbo-solvencit,  of  the  Neutralisa- 
tion of  certain  Acn>  Mooblakd  Waters  with  Sodium  Cabbonatb 
(NajCOa). 
[llie  action  on  lead  was  tested  bj  upward  filtration  through  50  c.c. 
washed  lead  shot  at  the  rate  of  3  minutes  per  50  c.c] 


i 

Acidity  in 
Terms  of  CO. 

needed  to 
neutralise 

Action  on  Lead  (Beeulte  steted  as 
Ptote  per  100,000). 

1 

Deioipkiou  of  the  Experiment. 

lat 
60  cc 

2nd. 
50  cc. 

Srd 
60  cc. 

4th 
60  cc. 

6th 
50  CC. 

Avenge. 

1 

(a.)  Ja]jl6.18»^  'Shipley  water 

(6.  Theaame  water  after  nen* 

tralisatlonwithNa/)(V 

'^N^S 

1-6 
0-0 

2-6 
0-0 

8-0 
0-0 

8-0 
0-0 

3-0 
0-0 

2-00 
0-00 

2 

(a.)  tMorley  water.  Aninut  U, 

(6.)  The  Mine  water  aft«r  nan- 
tnliaationwithNa^Ot. 

p.p.0-80 

0-0 

0*1 

0*2 

0-2 

0-2 

0-14 

0-00 

ro 

0-0 

0*0 

0-0 

0-0 

0-00 

S 

(a.)Aanst    2S.    18H     tJack 
dooili  water. 

p.p.o-4a 

0-0 

0-2 

0*4 

0-6 

0*6 

0-84 

(ft.)  The  mme  water  after  neu- 
tralisation with  If  a,^.. 

O'OO 

0-0 

O'O 

0*0 

0-0 

0-0 

0-00 

4 

(a.)AQciist  8S,  ISH  fiWithin's 

ih.)  The  same  water  after  neu- 
trslisationwithNaiCOa. 

p.p.0'42 

0-0 

0*2 

0*6 

0-6 

0-7 

0*40 

0-00 

0*0 

0*0 

0-0 

•  0 

0-0 

0-00 

6 

(0.)  Aagost  26,  1884»  IIFletcher's 
DykeSfcreem. 

(i.)  The  mme  water  after  neu- 
tralisation with  NaiCO,. 

p.p.Jl'70 
000 

s-0 

0-0 

6*0 
0*0 

6-0 
0-0 

6-0 
00 

7-0 
0*0 

6-60 
0*00 

6 

(a.)  •Shipley  water*  Angast  27, 

(ft.)  The  mme  water  after  neu. 
tialisationwithNa/X)|. 

p.p.ro8 

0*00 

i-o 

0-0 

8-0 
0-0 

8-0 
0-0 

8-0 
0-0 

8-0 
0-0 

2-00 
0-00 

7 

(o.)  TWskefield  water,  Septem- 
,.,   herl4.18M. 
(ft.)  The  same  water  after  neu- 
tralisation with  Na/X),. 

p.p.0-84 

0*8 

2-0 

2*4 

2-4 

8-4 

2-00 

0-00 

0*0 

0-0 

0-0 

0*0 

0-0 

0*00 

S 

(«•)  September  14^  1894.  **Teo. 
a  %  JP^  Beeerroir  water. 
(^•}  The  same  water  after  neu- 
tnOisationwithNaaOO,. 

p.p.  0-42 
0-00 

••1 

0-0 

0-2 
0-0 

0-8 

0-0 

0-6 
0*0 

0-7 

0*0 

0-88 
0*00 

9 

(^)  September  14. 1894.  **Lower 
,. .    SwineahawBeserroir water. 
^^•)  The  same  water  after  neu- 
tralisation with  Na.0O» 

p.p.o-4a 

0-00 

0-1 
0*0 

0*6 
0-0 

0-7 
0-0 

1-0 
0*0 

1-0 
0-0 

0-66 
0-00 

U 

^«-)  SsDtember  14J8M,**Hiicher 
th\  J'rtneehawBeeeiToir  water. 
^^'9  The  same  water  after  neu- 
tralisatonwithNaiOO*. 

p.p.o*do 

0*00 

0*4 
0-0 

1-0 
00 

1-2 
0-0 

1*2 
0*0 

1-2 
0*0 

1-00 
0-00 

11 

^"•>  1  Wakefield  water,  NoTember 

(ft\  J'»l»*- 

^  **  The  same  water  after  neu- 
tralisation with  NatOO,. 

p.p.O-90 

2-0 

2-6 

80 

8-0 

8-0 

2-70 

o-oo 

0-0 

0*0 

0-0 

0-0 

0-0 

0-OQ 
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Table  CIII. — continued. 

. 

Description  of  the  Bxperiment. 

Acidity  in 
Terms  of  C.C. 

^Xa,OQ, 

needed  to 
neutralise 
lOOccof 
the  Water. 

Action  on  Lead  (BesuU  stated  as 
Parte  per  106,000). 

1 

ist     2nd     Srd 

60  CO.  60  o.c.  6')  cc. 

4th 
50  CO. 

6th 
60c.a 

AvensB. 

1 
12     (a.)  tfMcMBley  water,  November 

p.p.  o-so 

0-1 

0-2 

0*3 

0-4 

0-4 

6» 

(6.)  The  same  water  after  neu- 
tralisation with  Na,COa. 

0-00 

0-0 

0*0 

00 

00 

O'O 

0*00 

IS 

(a.)  t:i>unford  Bridge  Uoserroir 
water.  November  24, 18^ 

(ft.)  The  same  water  after  neu- 
tralisation with  NSfCOa. 

p.p.  0*42 
0*00 

0-1 
00 

0-4 
0*0 

0-6 
0-0 

0*6 

00 

0*6 

0-0 

0*44 
OtKh 

14 

(a.)  ttMossley  water.  November 

p.p.  0*80 

0-1       0-4 

0-4    '  0-4 

0-6 

OW 

27, 1S94. 
(6.)  The  same  water  after  neu- 
tralisation with  Na«COs. 

O'OO 

0*0 

0*0 

0-0       DO 

00 

0-00 

10 

(a.)  •Shipley   water,  March  26. 

1895. 
(6.)  The  same  water  after  \  neu- 

tmliaationwithNaaCO,. 

m.o.  0*24 

1-6 

2-0 

2*0 

20 

2*6 

2-00 

0-00 

0*4 

0*8 

0*8 

10 

1*2 

0-84 

16 

(a.)  •Shipley  water.  April  2, 1896 

m.o.o*so 

2-0 

2*6 

3-0 

SO 

30 

2-70 

(6.)  The  same  water  after  i  neu- 
tralisation with  Na,0O,. 

(c.)  The  same  water  after  \  neu- 
tralisation with  Na/50,. 

0-00 
000 

0*4 
0-74 

0-8 
1-24 

0-8 
1-24 

1-2 
1-24 

1-2 
1*24 

0-88 
1*14 

17 

(a.)  *Shipley  water.  April  9. 1896 

m.o.  0*24 

1-6 

2*0 

2-0 

2-6 

2-6 

2-10 

(6.)  The  same  water  afterj  neu- 
tiaUsationwithNatCIOs. 

0-00 

0-4 

1*0 

1*2 

1-4 

1-4 

1-08 

18 

(a.)    'Shipley   water.  April   16, 
1896. 

(6.)  Tlie  same  water  after  i  neu- 
tralisation with  Na«00,. 

(c.)  The  same  water  after  *  neu- 
tialisationwithNatCO,. 

m.o.  0*18 ' 

0*6 

1*0 

1-6 

1-6 

10 

1-SO 

0-00 
0*00 

0'2 
0-4 

0*4 
0-6 

0*6 
10 

0-6 
10 

0-6 
10 

0*48 
0*» 

39 

(a.)*Shipley    water,    April    23. 

lb,)  The  same  water  after  i  neu- 
tmUsationwithNa^CO,. 

m.a  0'18 

I'O 

1*6 

20 

20 

2-0 

I'lO 

0*00 

0*8 

1*2 

1*2 

1*4 

l-« 

l'«4 

20 

(a.)  •Shipley    water.  April    »0, 
1896. 

(6.)  The  same  water  after  k  neu- 
tralisation with  Na^COs. 

m.o.0'S0 

1-6 

2*6 

2-6 

2-6 

2*0 

r» 

O'OO 

0-6 

1*0 

1-2 

1*4 

1*4 

I'M 

SI 

(a.)  'Shipley  water,  May  7, 1896  - 

m.o.0*18 

1-0 

ro 

1*6 

1-5 

20 

1*40 

(6.)  The  same  water  after  i  neu- 
tralisation with  Na.CO,. 

(o.)  The  same  water  after  \  neu- 
tralisation with  Na,GOs. 

0-00 
O'OO 

0-4 
0*4 

0-8 
08 

0-8 
1-0 

0-8 
10 

0-8 
10 

0-72 
0-84 

p.p. 

suo. 


'  The  water  was  taken  from  Bidwick  ReserYoir  (near  BingleT) .    Shipley  water  supply. 
'  The  water  was  .taken  frcbi  Within's  Beservoir  (near  Mytholmroyd).  Morley  water  supply, 
:  One  of  the  feeders  to  Within's  Besrrvoir  (near  Mytholmroyd).    Moriey  water  supply. 
i  Main  inl«*t  stnuni  to  Within's  Reservoir.    Morley  water  supplr. 
[  One  of  the  ft^edsrs  to  Wilhin's  Reservoir.    MorW  water  siipply. 

The  water  was  taken  from  Ardiley  Reservoir.    WakeReld  water  supply  (before  treatment). 

Ashtoii,  Stal^bridep,  l>ukinflold,  and  Mossley  Waterworks. 

Mossley  mam  water. 

I7swsburv  and  Ueck  nondwike  Waterwoxkf. 

Phe*)ol-pnthalein  wis  used  as  indicator. 

Methyl-orange  was  used  as  indicator. 
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The  result  of  complete  neatraiisation  was  the  same  in  all  cases 
juunelj,  that  the  water  completelj  lost  its  plumbo- solvent  nbilitj.  Even 
|Mirtial  neutralisation  was  satisfactory,  since  it  reduced  the  solvent  action 
on  lead  in  rough  correspondence  with  the  amount  of  sodium  carbonate 
employed;  21  samples  in  all  were  tested,  and  these  were  obtained  from 
eleven  different  sources. 

The  following  nine  tables  show  the  effect,  as  regards  plumbo- 
solvency,  of  filtering  acid  moorland  waters  through  Iceland  Spar  (GIY.), 
asbestos  (CV.),  coke  (CVI.),  polarite  (CVII.),  limestone  (OVIII.), 
sand  (OIX.),  marble  (CX.),  chalk  (CXI.),  and  flint  (CXII.). 

Table  CIV. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  Filtratiok 

of  various  ActD  Moorland  Waters  through  Iceland  Spar. 

[The  action  on  lead  was  tested  by  upward  filtration  through  60  c.c. 

wnsbed  lead  shot  at  a  uniform  rate  of  3  minutes  per  60  cc] 


Betcription  of  the 
Kxperimeut. 


Hard- 

nen 

CaCOa 

parte 

per 

loaooo. 


Acidity 

InTenns 

of  cc. 

^Xi,COa 

required 
to  neu- 
tralise 
100  cc.  of 
theWater. 


(a.)  Jane  4th.  1894. 
Shipley  water. 

(6.)  The  same  water 
after  upward  fll> 
tration  through 
80  cc.  Iceland 
Spar  (pea  sise) 
in  burette  (|^' 
diameter)  at  rate 
of  15  minutes  per 
Mcc 


(a.)  Jane  6th.  1894. 
Mocsley  water. 

(6.)  The  same  water 
after  upward  fil- 
tration throuffh 
00  cc.  Iceland 
Spar  (pea  rice) 
in  burette  ()^ 
diameter)  at  rate 
of  19  minutes  per 
60  cc 

(«.)Jaly    »rd.    1804. 

(6.)  The  same  water 
after  upward  fil- 
tration througli 
M  cc  Iceland 
Spar  (pea  size) 
in  burette  (i" 
diameter)  at  rate 
of  27  seconds  per 
60  cc 


(a.)  July  24th.  1894, 
^,  ^  Mossley  water. 
(6.)  The  same  wat«>r 
after  upward  fil- 
tration through 
60  cc.  Iceland 
Spar  (pea  sise) 
in  burette  d" 
diameter)  at  rate 
of  27  seconds  per 
80  cc. 


6-7 


1*8 

Neutral 


8*5 


4-9 


S'M 


0*42 
Neutral 


1*02 

Faintly 
acid. 


0*42 
Trace 


Action  on  Lead  (Eesulte  stated  as 
Parts  per  100,000). 


Ist 
60  cc. 


2nd       Srd    I    4th 
60  cc.  I  SO  cc  60  cc. 


6th 
60e.c 


Average. 


3*0 
00 


4-0 
0*0 


40^ 

0-0 


0*2 

0*6 

00 

0*0 

1-0 

20 

0-2 

0*6 

00 

0-8 

0*0 

0*0 

0*8 
0*0 


3*0 
0*8 


0*5 
00 


4*0 
0-0 


B't 
00 


0*9 
00 


3*5 
1*2 


0*8 
0*1 


0*9 
0*0 


40 
1-2 


0*7 
0-1 


4*0» 

0'0» 


0'6S 

O'oe 


2*70 

0*BO 


0'4t 
0*04 


Digitized  by  VjOOQIC 


188 


Tablk  civ. — continued. 


DeMsription  of  the 
Kxperiment. 


Hard- 
ness 

OaCO, 

parts 

per 

100,000. 


Acidity 
in  Terms 

of  CO. 

^Na,C30, 

required 
to  neu- 
tralise 

100  CO.  of 
theWater. 


Action  on  Lead  (Results  stated  aa 
Farts  per  100.000). 


Ist 
0OC.C. 


2nd 
50  cc. 

3rd 
SO  CO. 

4th 
00  cc. 

5th 
50  CC. 

2-0 

2-6 

8-0 

2-5 

0-0 

0*1 

0-2 

0-3 

0-0 

00 

0-0 

O'O 

0-4 

0*6 

0-8 

0-0 

0-0 

0-0 

0-0 

0-0 

2-6 

2-5 

S'O 

S'O 

0-5 

0-6 

0*6 

0-5 

2-6 

2-5 

2'5 

2-5 

00 

0-0 

••0 

O'O 

Aversge. 


(a.)  August  6th,  18SM, 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
60  c*.  Iceland 
Spar  (pea  size) 
in  burette  il" 
diameter)  at  rate 
of  70  seconds  per 

00  0.0. 

(o.)  Same  as  (6.)  but  at 
rate  of  15  minutes 
per  60  cc. 


(a.)  August  7th,  1884, 
Mossley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
60  cc  Iceland 
Spar  (pea  sixe) 
in  burette  f ' 
diameter)  at  rate 
of  35  seconds  per 
60  cc 


(a.)  January  Slst.  1805, 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
60  CO.  Iceland 
Spar  (pea  siie) 
in  burette  (f' 
diameter)  at  rate 
of  15  seconds  per 
10  cc 


(a.)  January  28th,  1886, 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
60  cc  Iceland 
Spar  (pea  size) 
in  burette  (f 
diameter)  at  rate 
of  2  minutes  6 
seconds  per  10  ex. 


4*9 


3-5 


4*9 
4*9 


6*4 
6-7 


1*06 
True 


Neutral 

0-46 
Neutral 


0*5 
00 


0*0 


0*1 
0*0 


2*10 
0*12 


0*66 
0*00 


1*02 
0*06 


1*0 
0*6 


2*40 
0-00 


0*96 

Neutral 


1*0 
0*0 


2*20 
0*00 
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Table  CV. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  Filtration 
of  various  Acm  Moorland  Waters  through  A.sbistos. 

[The  action  on  lead  was  tested  by  upward  filtration  through  50  c.c 
washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c.] 


Beaoiiption  of  the 
Experiment. 


BmiA- 

Acidity 

in  Terms 

of  e.o. 

(>!oo. 

1>%C0. 

pMTta 

loSooo. 

required 
to  neu- 
tralise 

100  CO.  of 

theWater. 

Aotion  on  Lead  ( ReeultH  stated  t 
Farts  per  100,000). 


1st       2nd 
60  cc.  >  SO  C.C. 


Sid 
SOcc. 

4th 
60  cc. 

6th 
60  cc. 

2-0 

2-6 

2*6 

2-0 

2-0 

2'6 

0-6 

0*8 

0-8 

0-6 

06 

0-8 

6-0 

6*0 

6*6 

4*6 

60 

60 

S-8 

8*0 

8*0 

3*6 

3*6 

8-6 

1-5 

2-0 

2*0 

1'5 

1*6 

2-0 

ATen^e. 


(a.)  September  10th, 
18M,  Shipl^ 
mter. 

(6.)  The  same  water 
after  downward 
filtration  throoxh 
10  cc.  asbestos  m 
burette  d"  dia- 
meter) at  rate  of 
9  minutes  per 
60  cc. 


(a)  September  11th. 
18M.  Mossley 
water. 

(b,)  The  same  water 
after  downward 
filtration  throuj^h 
10  cc  asbestos  in 
barette  (i"  dia- 
meter at  rate  of 
10  minutes  per 
60  cc. 


(a.)  October  26th.  18d4, 
Blaclc  Pyke 

water. 

(6.)  The  wme  water 
after  downward 
filtration  through 
10  cc  asbestos  in 
barette  (V  dia- 
meter)  at  rate  of 
1  minute  per 
10  cc. 

(«•)  November  6th, 
18M.         Shipley 

fA  1   f^^^' 

^N  The  same  water 
after  downward 
filtration  through 
10  cc  asbestos  m 
barette  (i"  dia- 
meter) at  rate  of 
1  minute  per 
10  cc 


(a.)  February  12th. 
1886.  Shipley 
water. 

(&.)  The  same  water 
after  downward 
filtration  through 
10  cc.  asbestos  m 
burette  (|"  dia- 
meter) at  rate  of 
8  minutes  and 
10  seconds  per 
10  cc. 


4*2 
4-2 


2*8 


6*2 
4*9 


6*6 
6*46 


4*9 


0*96 
0*78 


0*42 
0*86 


1*20 
1*02 


102 


0*78 
0*66 


1*0 
0*5 


0*2 
0*1 


8*0 
8*0 


2*0 


0-90      !    1*6 


1*0 
1*0 


2-0 
2*6 


0*6 
0*8 


6*0 
4*0 


2*6 
2*6 


1*6 
1*6 


2*00 
1*90 


0*68 
0*46 


4*70 
4*80 


2*80 
2*90 


1*60 
1*60 
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Table  CV.— continued. 


Addity 

in  Terms 

Hani*. 

ofce. 

Action  on  Lead  (SesnlU  stated 

as 

ness 

M 

Parts  perlOO.000). 

i 

Description  of  the 
Experiment. 

(MOm 

parts 

iooS>oo. 

reiiQired 

to  neu- 
tralise 

*i 

1 

lOOccof 
theWater. 

lat 
50  cc 

2nd 
50  cc 

3rd 
60  cc. 

4iti        6th 
60  cc    50  CC 

Arersve. 

4 

(a.)  April     Mh.    1886. 
Shipley  water. 

6*3 

0-84 

1*6 

2-0 

20 

2-5 

8-6 

2-10 

(6.)  The    same  water 

— 

0-72 

ro 

2-0 

20 

2-0 

2-0 

I'M 

after  downward 

filtration  through 

lOcc.  asbf)8t08in 

burette   d"  dia. 

meter)  at  rate  of 

8i  minutes    per 

10  cc. 

7 

(a.)  April  16th,    18M. 
Shipley  water. 

6*3 

0-72 

0*5 

1-0 

1-6 

1-5 

1-5 

1*20 

(6.)  The  same   water 

— 

0*60 

0-8 

1-4    ■    1-4 

1-4 

1-4 

1'88 

after  downward 

filtration  through 
10  C.C.  asbestos  In 

, 

burette  (f  dia- 

1 

meter )  at  rate  of 
S    minutea   per 

10  ex. 

8 

(a.)  April    23rd.  1806. 
Shipley  water. 

6-6 

0-78 

1-0 

1-6 

2-0 

«*0 

20 

1-70 

(6.)  The  same    water 

— 

0*66 

0-8 

1*4 

1*6 

1-8 

2-0 

1-52 

after  downward 

filtration  through 
10  cc.  asbestos  in 

burette    (f"  dia- 

meter) at  rate  of 

S    minutes    per 

10  cc. 

9 

(a.)  April    80th.  1886, 
Shipley  water. 

6*86 

o*8e 

1-6 

2-5 

2-6 

2-5 

2-0 

2-20 

(d.)  The  same    water 

-~ 

0-84 

20 

8'0 

3-6 

3-0 

3-0 

2*90 

after   downward 

filtration  throoch 
10  cc.  asbestos  m 

burette   H"  dia- 

meter) at  rate  of 

3     mmutes    per 

10  cc. 

10 

(a.)  May     7th.     1886. 
Shipley  water. 

6'0 

0'78 

ro 

10 

1*6 

1'5 

2*0 

l'40 

(6.)  The    same  water 

— 

0*06 

1-5 

20 

20 

2-5 

2«0 

2*00 

after   downward 

filtration  through 
10  cc.  asbestos  m 

burette   (f  dia- 

meter) at  rate  of 

4   ninntes     per 

10  cc. 
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Table  CVI. 

Sbovring  the  Effect,  as  regards  Plumbo-solvency,  of  the  Filtbation 
of  Acid  Moorland  Waters  through  Coke. 

[The  action  on  lead  was  tested  by  means  o{  upward  filtration  through 
50  cc.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c.j  - 


j 

DeacriptioD  of  the 
Bxperincnt. 

Hard, 
neas 
CaCO, 
parts 

100^. 

Acidity 

in  Terms 

of  cc. 

>hco. 

required 

tonen- 

tralue 

100  cc  of 

theWater. 

Action  on  Lead  (Results  stated 
Parts  per  100,000). 

as 

1st 
50  cc 

and 
60  cc 

3rd 
60  cc 

4th 
60  cc 

Ath 
60  CC 

Average. 

1 

(<i.)  July    Itftli.    189*. 
Shipley  water. 

4*48 

1-26 

1-5 

2*5 

30 

3*0 

8*0 

2*60 

(6.;  The   same  water 
after  upward  fil- 
tration   through 
50  cc.  coke  (pea 
site)  in  burette 
(f  diameter)  at 
rate  of  6  minutes 
per  60  C.C. 

0-00 

0-1 

0-5 

0-9 

1*0 

1*0 

0*70 

t 

(a.)  July    16th,    1891. 
MoBflley  water. 

31 

0*43 

0-1 

0*4 

0-5 

0*6 

0-0 

0*44 

(6.)  The   same   water 
after  upward  fil- 
tration   through 
50  cc.  coke  (pea 
Mze)  ill  burette 
ir  diameter)  at 
rate  of  6  minutes 
per  50  cc. 

0*24 

0-0 

0*0 

0*1 

0*1 

0-1 

0*06 

3 

(a.)  August  6th.  1894. 
Shipley  water. 

4-» 

1-08 

0-5 

2*0 

2*5 

3*0 

2*6 

2*10 

(6.)  The    same   water 
after  downward 
filtratianthrongh 
60  cccoke  (pea 
•ixe)   in  burette 
(r  diameter)  at 
rate  of  6  minutes 
per  60  cc. 

0*4 

2*0 

2*8 

2*2 

2*4 

1*84 

4 

(«.)  Auijitot  7th.  189^ 
Mowley  water. 

8*6 

0*48 

0*1 

0*4 

0*6 

0*8 

0-9 

0-66 

/  (*•  The    tame    water 

f          after  downward 

/           filtration  through 

/           GO  0.0.  coke  (pea 

nie)  in   burette 

(F'  diameter)  at 

rate  of  21  minutes 

per  60  CO. 

Faintly 
acid. 

0*0 

0*1 

0*2 

0"2 

0*3 

016 

5 

^*->  September     10th. 
19M,        Shipley 
water. 

4-« 

0'9C 

ro 

2'0 

2*0 

2*6 

S'6 

8*00 

U 

^  TPhe   same    water 
after  downward 
filtration  through 
50  cc.  coke  (pea 
iixe>   in  burette 
(r  diameter)  at 
rate  of  3  minatea 
porWcc 

6*6 

O-flO 

0-8 

0*8 

1*2 

1-2 

1*4 

0*96 
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Table  CVI. — continued. 


Description  of  the 
Szperimenti 


Acidity 

in  Terms 

Hard- 

of  C.C. 

ness 
OaOO. 

^Na^CO, 

parts 

required 

per 

to  neu- 

100,000. 

tralise 

lOOc.c.of 

theWat«r. 

Action  on  Lead  (Eesnlts  stated  as 
FftrtsperlOO/MX)). 


1st 

60c.c 


2nd 
50C.C. 


(a.)  Maj  lUh,  1895, 
Smpley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
00  C.C  coke  (pea 
siie)  in  burette 
(}"  diameter)  at 
rate  of  71  minutes 
per  00  C.C. 


6-74 
6'OS 


0-7S 
0-60 


0*6        1-4 


3rd 
SOcc. 


4tli    !    6th 
0OC.C.  I  50e.c. 


1-0    '    20    :    2-0        2-0 


1-e 


1*6 


Avenite. 


2-0        I'M 


1*6 


I'M 


Table   CVII. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  Filtration 
of  Acid  Moorland  Waters  through  Polarite. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  throngh 
50  CO.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.e!j 


Description  of  the 
Experiment. 

Hard- 
ness 

CftCO, 

parts 
per 

100,000. 

Addity 

in  Terms 

of  ex. 

required 
to  neu- 
tralise 
100  C.C.  of 
theWater. 

Lead  Action  (Results  stated  as 
Ptots  per  100,000). 

H 

Ist 
60C.C. 

2nd 
BOcc 

3rd 
BOcc 

4th    1    6th    L__^ 
BOcc   80 cc  1  ^^^'■*** 

1              1 

1 
2 

(a.)  September     28th. 
1&4.  Watershed, 
dels      Reservoir 
water 

(6.)  The   same   water 
after  upward  fil- 
tration   throuffh 
00    C.C    polante 
(small  pea  sise) 
in    burette     (f 
diameter)  at  rate 
of  2  minutes  per 
BOcc. 

(a.)  September     28th. 
lk4,    water     of 
acid  peat  feeder 
toWaWfiheddels 
Reservoir      (No. 
18). 

(5.)  The   same   water 
after  upward  fil- 
tration   through 
00    C.C.    polante 
(small  pea  size) 
in     burette    (I" 
diameter)  at  rate 
of  2  minutes  per 
00  ex. 

2-50 
2-80 

2*50 
2-60 

0-48 
Neutral 

0-60 
Neutral 

0-2 
0-0 

0-4 
0-0 

0-7 
0-0 

0-8 
0-0 

0-9 
0-0 

0-9 
0-0 

1-2 
0-0 

09 
0*0 

1-2 
0-0 

1-0 
0-0 

0-M 
0*00 

0-90 
0*00 
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Table  CVII. — eontinwd. 


» 

Acidity 

in  Terms 

Hani- 

ofcc 

Lead  Action  (Results  stated 

as 

ness 

PWts  per  100,000). 

. 

DeKarlptionofthe 

OaOO, 

J^NatOO, 

1 

Bxperiment. 

parts 
100.000. 

required 
to  neu- 
tralise 
100  cc  of 
theWater. 

B 

1st 
SOcc. 

2nd 
50  cc 

ard 
SOcc. 

4th 
SOcc 

6th 
SOcc 

Averaice- 

1 
3    {a.)  October  Ist.  1894. 

6*20 

0-00 

1-0 

8-0 

3-0 

3-0 

4-0 

2-80 

1           Shipley  water. 
(6.)  The    Mune   water 

S-90 

Neutrel 

0-0 

0-0 

00 

0-0 

00 

0-00 

after  upward  fil- 
tnttion    through 

50    C.C.    polante 

1           in     burette  "u" 

'           diameter)  at  rate 

1 

of  6  minutes  per 

SOcc 
(r.)  Same  as  (6.).  but 

4-60 

0-66 

0-6 

r4 

2-0 

20 

2-0 

1-60 

at  quicker  rate. 

Til.,  SO  wcondfl 

per  60  C.C. 

4 

(a.)  October  2nd,  1804, 

8-ao 

0-48 

0-2 

0-6 

1-0 

1-0 

1-2 

0*80 

Mosslej  water. 
lb.)  The   same  water 

S'SO 

Neutral 

0-0 

00 

00 

00 

00 

000 

after  downward 

M   C.C   polante 

(small  pe«  sise) 
m    bui^    (V 

diameter)  at  rate 

of  4  minutes  per 

SOcc. 

6 

(a.)  October  4th.  1804^ 
Rinntone      Re- 

s-oo 

0'66 

10 

2-0 

2-4 

2*4 

2*4 

204 

servoir  water. 
(6.)  The    same   water 

8-50 

0*30 

0-0 

0'3 

0*5 

0  6        0-6 

0-40 

after  downward 

1 

filtrationthrouffh 

I 

50    C.C    polarite 

1 

(small  pea  sise) 

1 

in    burette    (|" 

1 

diameter)  at  rate 

1 

of  4  minutes  per 

50  cc 

6 

1894.        Shipley 

6-60 

1-20 

2-6 

S-0 

3-6 

3-5 

40 

3-30 

water, 
(ft.)  The  same  water 

4*00 

0*54 

0-8 

1-0 

1-2 

1-6        1-6 

1-2* 

after  downward 

flltrationthrouffh 

50  CO.   polante 

(small  pea  siie) 

m    burette    (f 

diameter)  at  rate 

ore  minutes  and 

40    seconds   per 

50  ex. 

7 

^••'-ISnSSKlSgl 

8*64 

0-54 

0-7 

0-0 

10 

1-0 

1-1 

0-M 

ley  water, 
(ft.)  The  same  water 

4-20 

0-24 

01 

0-3 

(r4 

0*4 

0*4 

032. 

after  downward 

SO    cc  polante 

(small  pea  siie) 
in    burette   {V 

diameter)  at  rate 

of  7i  minutes  per 

BOe.0. 

S    98«14. 


Digitized  by  VjOOQIC 


194 


Table  CVII. — eofUinued. 


S 

a 

I 


Deacription  of  the 
Experiment. 


10 


11 


(a.)  May  aim,  ia»5, 
*^*  Shipley  water. 
(6.)  The  same  water 
after  downward 
flltrationthioufh 
60  C.C  polante 
(small  pea  size) 
in  burette  (}" 
diameter)  at  rate 
of  9k  minutes  per 
00  CO. 


(a.)  Ma^  28th,  1885. 
Shipley  water. 

(6.)  The  same  water 
after  downward 
flltntionthroagh 
60  C.C.  polante 
(small  pea  size) 
in  burette  {{" 
diameter)  at  rate 
of  18 1  minutes 
per  60  C.C. 


(a.)  June  4th,  1805, 
Shipley  water. 

(6.)  The  same  water 
alter  downward 
filtration  throufi;h 
60  cc.  polante 
(small  pea  sise) 
in  burette  (f' 
diameter)  at  rate 
of  26  minutes  per 
60  C.C. 


(a.)  Jmie  6th.  1886, 
Keighley  unfil- 
tereil  water. 

(6.)  The  same  water 
after  downward 
flltratiouthrou^h 
60  CO.  poinnte 
(small  pt'si  sizt") 
in  burette  (I" 
diameter)  at  rate 
of  25  mint  tes  per 
60  cc. 


Hard. 

neis 
Oa(X)s 

parts 

1(^W). 


6-00 
6-90 


6-40 
6*S0 


7*80 
6*00 


8*90 
S'20 


Acidity 

in  Terms 

ofcc 

l^Na.00, 

required 
to  neu- 
tralise 


Lead  Action  (Results  stated  as 
Puts  per  100^000). 


I 


iUVCCOI  I  .*■«'  «""     I      •™. 

theWater.  BOcc  I  60cc  I  60  ex. 


0-72 
0*64 


0-78 
0'S6 


0-96 
0-42 


0*54 
0-24 


4th        6th    !*»•«.«. 
60CO.    60ce.   ^^«™»^ 


1-0 
0'6 


1'6 
0-8 


2-0 
0*3 


0-4 
0-0 


1-6 
1*0 


2-6 
0-4 


2-6 
0'6 


0-8 
0-0 


2-0 
1-2 


3-0 
0-6 


2-6 
0*6 


0-8 
0-0 


2-0 
1-2 


2-5 
0*6 


2-6 
0-6 


1*0 
Trace 


2-0 
1-2 


2-6 
0*6 


2*6 
0-6 


1*2 
Trace 


1*70 
1-04 


2*40 
0-44 


2-40 
0*62 


0*84 
Trace 
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Table  CVIII. 

Showiug  the  Effect,  as  regards  Plumbo-soltency,  of  the  Filtration 
of  certain  Acid  Moorland  Watbrs  through  Limestone. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
60  c.c«  washed  lead  shot  at  a  uniform  rate  of  3^  minutes  per  50  c.c] 


Descriptioii  of  the 
Experiment. 


Hard- 
ness 
CaOOs 
parts 
per 
100,000. 


Acidity 

in  Terms 

of  C.C. 

required 
to  neu- 
tralise 

100  cc.  of 
theWater. 


Lead  Action  (Results  stated  as 
Farts  per  100,000). 


Ist 
60  cc. 


2nd 
50  cc. 


Srd 
60  0.0. 


4th 
60  cc 


6th 
60  CC 


ATorase. 


(a.)  Septemlwr  10th, 
18M.  Shipley 
water. 

(A.)  The  same  water 
after  downward 
filtration  through 
50  cc  limestone 
(pea  SIM)  in 
horette  (f  dia- 
meter) at  rate  of 
S  minutes  per 
60  cc 


S  (a.)  September  Uth. 
18Mfe  Mossley 
water, 
(ft.)  The  same  water 
after  downward 
filtration  through 
50  cc.  limestone 
(pea  sisA)  in 
burette  il"  dia. 
meter)  at  rate  of 
a  minutes  per 
60  cc. 


3  (a.)  October  2nd,  1884b 
Hossl^  water. 
(6.)  The  same  water 
after  downward 
filtration  through 
60  cc.  lim^tone 
(pea  size)  in 
burette  (I"  dia- 
meter) at  rate  of 
4  minutes  per 
60  cc 


(a,)  October  4tb.  1894. 
Ringstone  Reser- 
voir water. 

(h,)  The  same  water 
after  downward 
filtration  through 
60  cc  limestone 
(pea  size)  in 
burette  d"  dia- 
meter) at  rate  of 
4  minutes  per 
60  cc 


(a.)  October  10th,  1894b 

Mossley  water. 
(6.)  The    same  water 
after  upward  fil- 
tration   throiigh 

i  60  cc  limestone 

(pea      size)     in 
buivtte  (r  dia- 

I  meter)  at  mte  of 

1  minute  and  40 

I  seconds  per  50  cc 


42 
5*6 


2-8 
8-8 


3-2 
3-» 


3*9 


2-8 
3-2 


0-96 
0*30 


0-42 
Neutral 


0-48 
Neutral 


0*66 
Neutral 


0*48 
Neutral 


1*0 
00 


0-2 

00 


2-0 
0*0 


0-5 
0-0 


0-2 
00 


1-0 

0-0 


0*6 
0-0 


2-0 

0-0 


01 
0*0 


0-4 
0-0 


2*0 
0-0 


2-5 

0-1 


0-6 

0-0 


0-8 
00 


1-0 
0-0 


2-4 


0-7 
0-0 


2-6 
0-1 


2-00 
0-04 


0-8 
0-0 


1-0 

1*2 

0-0 

0-0 

2-4 

2*4 

•  0 

0-0 

0-8 

1-0 

0-0 

00 

0-18 
0-00 


0'80 
O'OO 


2*04 
0-00 


0-60 
0-00 


N    2 
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Table  CVIIf. — continued. 


i 


Dewsription  of  the 
Ezperiment. 


Hard- 

DM! 

OaOOs 

pMrta 

per 

leo^ooo. 


Acidity 

in  Terms 

ofcc. 

required 

toneu- 

tralise 

lOOccof 

theWater. 


Lead  Action  (ResoltB  stated  as 
Parts  per  100.000). 


let 
60C.C. 


2nd 
60C.C. 


Srd 
60C.C. 


4th 
60C.C. 


6th 
60  ac 


Average. 


(a.)  October  16th.  18M, 
Shipley  water. 

(6.)  The  same  water 
after  upward  fil- 
tration through 
60  cc  limestone 
(pea  size)  in 
burette  (^  dia^ 
meter)  at  rate  of 
40  seconds  per 
60  cc. 


(a.)  November  26th, 
1894b  Shipley 
water. 

(b.)  The  same  water 
after  downward 
filtration  through 
60  cc.  limestone 
(pea  sise)  in 
burette  (f  dia- 
meter) at  rate  of 
6  minutes  per 
50  cc  filtration 
repeated  four 
times. 


(a.)  November  27th. 
1884.       Mossley 

(6.)  The  same  water 
after  downward 
filtration  through 
60  cc.  limestone 
(pea  size)  in 
burette  (J"  dia- 
meter) at  rate  of 
2  minutes  6 
seconds  per  50  cc 


4*9 
6*2 


oeo 

0-64 


1-0 
00 


6*6 


8-7 


0*90 


Neutral 


0*6 

0-0 


»*6 


4-2 


0-80  0*1 


Neutral 


0*0' 


8-0 
1-0 


80 
20 


1-6 
0-0 


2-0 
0*0 


0-4 
0-0 


0-4 
0-0 


s-0 

40 

2-90 

2-0 

20 

VMi 

2-5 

2-0 

IW 

0*0 

00 

o-oo 

0-4 

0-6 

o-u 

0-0 

i 

i 

00 

0-00 

Digitized  by  VjOOQIC 


197 


Table  CIX. 

Showing  the  Effect,  as  regards  PLUMBo-soLVEXcr,  of  the  Filtration 
of  certain  Acid  Moobland  Watebs  through  Sand. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
50  cc.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c.] 


Deaoription  of  the 
Bxperiment. 


(a.)  Joiie  25th,  18M, 
Shipley  wmter. 

lb.)  The  same  water 
after  upward  fll- 
txaticRi  tluougta 
SOccriTersand* 
in  buratte  (f 
diameter)  at  rate 
of  IS  minutea  per 
Mcx. 


(a.)  June  87th,  ISM^ 
Moaalej  wal«r. 

(6.)  The  aanie  water 
after  upward  fil- 
tration through 
60  e^  rlTer  aand* 
in  bniette  (f 
diameter)  at  rate 
of  11  minuteaper 
per  00  c^ 


(a.)  July  3n]«  18M. 
Bhipl^j  water. 

(6.)  The  aame  water 
after  upward  fil- 
tration through 
50  cjo.  Titer  aand* 
in  burette  (f" 
diameter)  at  rate 
of  9  minntea  per 
50  &0. 


(a.)  July  4th.  1804^ 
Momkor  water. 

(6.)  The  aame  water 
aftarnpward  fll- 
tratloa  through 
50  fliejriTer  aand* 
in  burette  (f 
diameter)  at  rate 
ofOminutea  per 
00  e^ 


(5.)  The  aame  water 
allernpwanl  fU- 
tration  through 
60  cjoMtm  aand* 
in  burette  {V' 
diameter)  at  rate 
of  S  minutea  per 
60  cc. 


Hard- 
neaa 

CaCO, 

parte 

per 

100,000. 


6-e 


4-8 


6*3 


8-5 


5*40 


Acidity 

inTemiB 

of  &c. 

^NatOO, 

required 

toneu- 

traliae 

100  CO.  of 

theWater. 


Action  on  Lead  (Beaulta  atated  as 
Parts  per  100,000). 


1st 
50  cc. 


Snd 
50  cc. 


1*06 

8-0 

Neutral 

00 

0*64 

0-8 

Neutral 

0-0 

1-06 

8-0 

Neutral 

0-0 

0-46 

0*8 

Neutral 

0-0 

1-14 

10 

Neutral 

00 

S-0 
0-0 


0-6 

0-0 


3rd 
60  CO. 


8-0 
0-0 


00 
0-0 


80 
0-0 


0-5 
0-0 


8-0 
00 


8*0 
0*0 


06 
0-0 


4th 
60  cc. 


3-5 
0-0 


0-7 
0-0 


30 
00 


5th 
60  CO. 


Average. 


3-0 
0-0 


0-8 
0*0 


8-0 
•0 


8*6 
00 


0-7 
l)*0 


80 
00 


0-8 
0-0 


8-0 
0-0 


8-90 
000 


0-60 
0-00 


8-80 
0-00 


0*60 
0-00 


8-80 
0-CO 


*  Sand  obtained  from  bed  of  Giggletwiclc  Bec^ 
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Table  CIX. — continued. 


10 


11 


Deflcription  of  the 
Experiment. 


(a.)  July    lOib.    1894, 
Mosaley  water. 

(6.)  The  aame  water 
after  apward 
filtration  through 
SO  CO.  river  wnd* 
in  burette  (| 
diameter)  at  rate 
of  3  minuces  per 
50  CO. 


(a.)  August  th,1804^ 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
00  O.C.  river  sand* 
in  burette  (f 
diameter)  at  rate 
of  25  minutes  per 
60  CO. 


{a.)  September  Srd, 
18M,  Shipley 
water. 

(6.)  The  same  water 
after  downward 
filtration  through 
50  CO.  river  sand* 
in  burette  (I" 
diameter)  at  rate 
of  22  minutes  per 
60  cc 


(a.)  September  4th, 
1^  MoBsley 
water. 

(6.)  The  same  water 
after  downward 
filtration  through 
60  cc.  liver  sand* 
in  burette  (i'' 
diameter)  at  rate 
of  10  minutes  per 
50  cc 


(a*)  January  8th»  1805. 
.  Shipley  Miater. 

(6,)  The  same  water 
after  downward 
filtration  through 
60  OJD.  Nith  river 
sand  in  burette 
d"  diameter)  at 
rate  of  6  minutes 
per  60  cc 

(a.)  September  lOth^ 
ISM,  Shipley 
water- 
ed.) The  same  water 
after  downward 
filtration  through 
60  C.C.  Gullane 
sea  ,  aandj  in 
burette  (i'^  dia- 
meter) at  rfte  of 
10  minutes;  per 
50  c.t. 


Hard- 


I  Acidity 

in  Terms 

of  cc. 


CaCO,    ioNa«CO, 


parts 

per 

100.000. 


10" 
requited 
io  neu- 
tralise 
lOOccof 
cheWater. 


6*4 


S'S 
10-6 


2-8 
7*4 


4-9 
6*3 


4-2 


7-0 


0-6 

Neutral 


1-08 
Neutral 


0*9 
Nputral 


0*86 
Neutral 


0-9 
Traco 


0*96 
Neutral 


Action  on  Lead  (Results stated  as 
parte  per  100,000). 


1st 
60  cc 


0*1 
0*0 


1-0 
0-0 


10 
0-0 


0*1 
0*0 


1*6 
00 


1*0 


0-0 


2nd    I    8rd 
50  cc  ;  50  cc 


0*5 
00 


3*0 
0*0 


8*0 
0*0 


0-S 
0*0 


3-0 
0*0 


2*0 


0*0 


0-7 
0*0 


3-0 
0*0 


3*0 
0*0 


0-6 
0-0 


8*0 
0*1 


20 
0-0 


60  cc.    fiOccr^*^- 


*  fond  obtained  from  bed  bt  Gf^gleswtck  Beck. 


0*8 
0*0 


SO 
0*0 


4-0 
0*0 


0*7 
0-0 


3*0 
02 


2*6 
0-0 


0*8 
00 


0-68 
O'OO 


3*0 
0-0 


o-«o 


30 
0*0 


0-8 
0-0 


3*0 
0-2 


2-f 

0-6 


2*80 
0*00 


0*60 

o-oo 


2*7a 

o-ia 


2-0(r 
O'OO 
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Table  ClX^-^continued. 


xt 


water. 

(6.)  The  asme  witer 
after  downward 
filtration  thronirb 
80  cc  GuUane 
sea  sand  in 
barette  (f'  dia- 
meter) at  rate  of 
10  minutes  per 
60  cc. 

(c.)  Same  at  (b.),  bnt 
sand  previoiisly 
WBsbeu  free  of 
calcareous  mat- 
ter, &c.,  with 
dilute  HCl.  and 
then  with  dis- 
tilled water  to 
remove  the  acid. 


(a.)  September  14th. 
18M.  Wakefield 
untreated  water 
from  Ardsley 
Reservoir. 

(6.)  The  same  water 
alter  downward 
filtration  through 
10  C.O.  Oullane 
sea  sand  at  rate 
of  4  minutes  per 
50  CO. 

kMoe  as  (6.).  bnt 
sand  previously 
washed  free  of 
calcareous  mat- 
ters with  dilute 
HCl  and  then 
with  distilled 
water  to  remove 
the  acid. 


(c.) 


(a.)  September  17th, 
18Mb  Shipley 
water. 

(6.)  The  same  watet 
after  downward 
filtration  through 
SO  CO.  GuUane 
sea  sand  pre' 
viously  treated 
with  HCl  and 
washed  free  of 
arid  at  rate  of 
10  minutes  per 
60C.C. 

(a.)  September  18th, 
1884,  Mossley 
water. 

(6.)  The  same  water 
after  downward 
filtr.ition  through 
10  cc  Oullane 
sea  sand  pre- 
viously treated 
with  HCl  and 
washed  free  of 
acid  at  rate  of 
ir  minufcs  fei 
I  30  cc 


Acidity 

in  Terms 

of  cc. 

^Na,0O, 

required 
to  neu- 
tralise 

lOOcc.of 
theWater. 


Action  on  Lead  (Results  stated  as 
parts  per  100,000). 


1st    I   2nd 
60  cc.  I  SOcc. 


Srd    I    4th    I    6th 
60  cc.  >  60C.C. '50cc 


4*6 


8-8 


6*0 


8-8 


4"» 
6'S 


8-6 
8*6 


0-42 
Neutiul 


Neutral 


0-84 


Neutral 


0-6 


0-98 
0*48 


0-48 
0*86 


0*2 

0*6 

0*0 

0-0 

0-0 

0-0 

0-8 

2-0 

0-0 

O'O 

1*0 

1-6 

1*0 

2*0 

0*2 

1*2 

0*2 

0*4 

0*2 

0-6 

0*6        0*8    I    0*8 
0-0        00        00 


2*4 


0-0 


2*0 


8-0 
1*8 


0-6 
0*8 


Average- 


2-4 


0*0 


2-4 


00 


2-6 


80 

1-6 


3-0 
1-6 


0*8        00 


0-9 


0*0 


0*68 
O'OO 


0-0        00    1    00  O'W 


2-00 


0'(» 


1-W 


1-24 


0*68 
0*6S> 
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Table  CIX. — continued. 


16 


17 


18 


19 


Description  of  the 
Bzperiment. 


Hard. 

ness 
CaCOs 
parts 

per 
100.000. 


Acidity 

in  Terms 

of  ac. 

^ya,oo, 

required 

tonea- 

trallse  ,_^ 
lOOcAof  J»t 
theWater.  Wcc. 


Action  on  Lead  (Resolu  stated  as 
parts  per  100,000). 


8nd 
60C.C, 


(a.)  September  25tta, 
im,  Shipley 
water. 

(b.)  The  same  water 
after  downward 
filtration  through 
10  C.C.  Oullane 
sea  sand  at  rate 
26  seconds  per 
fiOcc 

(r.)  Same  as  (6.).  but 
sand  preTiousbr 
treated  with  HCl 
and  washed  free 
of  acid. 


(a.)  September  85th 
19H,  Mossley 
water. 

(6.)  The  same  water 
after  downward 
filtration  through 
10  cc.  Gnllane 
sea  sand  at  rate 
of  26  seoouds  per 
60C.O. 

{e.)  .9aBie  as  (&.),  but 
sand  preyioushr 
tr:)ated  with  HCl 
and  washed  free 
of  acid. 


(a.)  October  8th.  1804^ 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
20  0.0.  Shipley 
sandstone  sand 
at  rate  of  4 
minutes  per  60  C.C. 

<c.)  Same  as  (&.).  but 
Gullane  sea  sand 
used. 


(a.)  October  10th,  18M, 
Mossley  water. 

(6.)  The  same  water 
after  upward  fil- 
tration through 
20  cc  Qullane 
sea  sand  at  rate 
of  100  seconds 
pereOc.c 


(a.)  October  16th.  18M. 
Mossley  water. 

(6.)  The  same  water 
after  upward  fiU 
tratioii  through 
60  cc  Gullane 
sea  saiid  at  rate 
of  16  seconds  per 
10  cc. 

(e.)  Same  as  (!>.).  but 
sand  praviously 
trcatf  d  with  HOI 
and  washed  free 
of  add.  Rate  of 
filtration  1  minute 
p^r  60  CO. 


5-8 

0*9 

1*0 

6*6 

0-42 

00 

6-3 

0*84 

1-0 

S-2 

0*42 

OS 

8-6 

Neutral 

00 

3'2 

0*36 

0-2 

6-8 

1-06 

2-0 

V9 

1*08 

1-0 

70 

Neutral 

0-0 

8-8 

0-48 

0-1 

4*1 

Neutral 

0*0 

2*8 

0-48 

0-8 

6*6 

Neutral 

0*0 

2*3 

i>*84 

0-1 

2-0 


0*2 


20 


0-7 
0*0 


0-6 


8*0 
2*0 


O'O 


0*4 
0-0 


0-6 
0-0 


6-1 


8nl    I    4th        6th    !a^„^ 
60  cc  60  cc  '  60  cc  ^'^"■Se- 


2*0 
0*4 


2-5 


0*8 
00 


0-6 


8*6 
8-6 


0-0 


0*7 
0-0 


0-9 
0-9 


0-1 


2-5 

8-0 

8-10 

0*6 

0*6 

0*84 

2*6 

2*6 

8-19 

0*9 

0*9 

0-72 

0-0 

0-0 

0*99 

1*0 

1-0 

9*66 

8-6 

4-0 

8*89 

8*5 

8*0 

8-69 

0-0 

9-0 

0-09 

0*8 

1-0 

0*69 

0*9 

0-0 

0*00 

0-8 

1-9 

0-70 

0-0 

0-0 

o-oo 

OS 

0-4 

9-18 
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Table  CIX. — continued. 


I 


,  I  Acidity 

'  inTerma 

Hard-  I    of  ox. 


Description  of  the 
Bzperiment. 


(a.)  November  13t1i. 
18MI  Shipley 
water. 

(6.)  The  nme  water 
after  downward 
filtration  through 
SB  &C.  Gnllane 
Ma  Mnd  at  rate 
of  1  minute  per 
lOcc 

(e.)  Sune  aa  (6.).  bat 
sand  Dreriously 
treated  with  HCl 
and  washed  free 
of  acid. 


(a.)  November  19th, 
18»4,        Shipli^ 

,. .    water. 

(i.)  The  same  water 
•fter  downward 
filtration  through 
16  ex.  Shipley 
sandstone  sand 
at  rate  of  40 
f  ,  seconds  per  10  ex. 
M  Same  as  (ft.),  but 
60  CO.  sand  and 
Blower  rate  of  fii- 
tralion,  via..  70 
lOcc 


*/fM  Norember  »th, 
180ft.        Shipley 

f  ^*-)  The  same  water 
after  downward 
filtration  through 
60  ex.  Shipley 
sandstone  sand 
at  rate  of  90 
minutes  per  26  ex. 

n*»->  December  10th, 
VBM,        Shipley 

C&  X      water. 

^'*-J  The  same  water 
slier  downward 
filtration  through 
00  ex.  Gnllane 
lea  sand  at  rate 
of  1  minute 
-  -sad  SO   seconds 

f  ^  ^      per  10  ex. 

^^->  Seme  as  (6.),  but 
asnd  previously 
tnatfldwith  HCl 
and  washed  free 
of  add. 


^**->  Sh^tay      water. 


S6  ex.  keighlor 
sandstone  sand 
at  the  rate  of  1 
minute  and  46 
seconds  per  10  e.e. 


OaOOs 

parte 

per 

10(MKX). 


ioNa.00, 

required 
to  neu- 
tralise 

lOOccof 
theWater. 


6-0 
0*8 


6-6 


6*2 
6*2 


60 


5*6 
6*8 


6*0 
0*1 


6*8 


6*0 
6*2 


1*02 
Neutral 


0*78 


Action  on  Lead  (Eesults  stated  as 
parts  per  100.000). 


Ist        2nd 
60C.C ;  60&C 


Srd 
60C.C. 


1*06 

0*96 

•-06 

0*0 

0-6 

0*96 

Neutral 

0*66 

0-72 

0-66 

2*0 
0-0 


1*5 


1*6 
2-0 


1-0 


0*6 
0*4 


1*0 
0*0 


0-4 


1*0 
1*2 


8*0 

S-6 

00 

0*0 

2*0 

2*0 

3*0 

2*6 

2*6 

2*8 

1-6 

1-6 

1*6 

8-0 

0*6 

0-8 

2*0 

2*6 

0*0 

0*0 

1-2 

1*6 

1-6 

2-0 

1-8 

20 

4th 
60  cc. 


4*0 
0-0 


80 


8*0 
2*6 


1*5 


2-5 
1-2 


2*6 
0*0 


1*6 


2*0 
2*2 


6th 
60  ex. 


40 
0*0 


8*0 


SO 
2*5 


1-6 


2  0 
1-2 


2*6 
0*0 


2*0 


fO 
22 


Average. 


8*80 
0*00 


0*80 


2*60 
2*40 


1*40 


1-70 
0*84 


2-10 
0*00 


1-86 


1-70 
l'S8 
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Table  CIX. — continued. 


Acidity 

in  Terms 

Hard. 

OfC.8. 

Action  on  Lead  ( Resnlta  itated 

as 

ness 

*»T   *,/x 

Farts  per  100,«(!»>. 

^ 

OtoCO, 

^^NaiCO, 

Eiperiment. 

parts 
per 

required 
to  neu- 
tralise 

•i 

100/)00. 

• 

1 

100  ex.  of 
the  Water. 

1st 
60  ex. 

2nd   ,    Srd       4th 
60  CO.  j  60  cc.  1  60  cc. 

6th 
60  CC 

Avenee. 

S6 

(a.)  May    17th.    1805. 
Keighley  water. 

8-8 

0-48 

0'4 

0-6 

0*8        0-8 

10 

0-72 

(6.)  The  same    water 

8*6 

0-42 

OS 

0*6 

0*7        0-8 

0*8 

0-es 

after  downward 

[ 

filtration  through 

60  C.C.  Keighley 

aandrtone    sand 

at     rate    of     1 

minute  and    40 

aeoondaperlOcc. 

27 

(a.)  Hay    28th,    1695, 

6-4 

0-78 

1-6 

2-6 

2*6    '    3*0 

2*5 

2*40 

Shipley  water. 

(6.)  The  same    water 

6-7 

0-54 

0-8 

1*2 

1*2        1*2 

1-2 

1*12 

after  downward 

filtration  through 

SO  C.C.  Keighley 
sandstone    sand 

at    rate    of     2i 

minutes  per  10  C.C. 

n 

(a.)  June     4th.    1895. 
Shipley  water. 

7-8 

0-96 

2-0 

2-6 

2*6        2*6 

2*6 

2*40 

(6.)  The  same    water 

6-9 

0-72 

1-0 

1*6 

1*6        20 

2*0 

1-60 

after  downward 

filtration  through 

60  cc  Keighley 
sandstone    sand 

1 

at    rate    of    4i 

minutes  per  10  CO. 

j 

29 

(a.)  June    11th,  1886, 

6-4 

0-78 

1-0 

1*0 

1-6    '    1-6 

1*6 

1*» 

Shipley  water. 

(&.)  The   same   water 

6-9 

0-48 

0*4 

0*4 

0*8 

0*8 

1*0 

0*68 

after  downward 

filtration  through 

60  CO.  Keighley 

sandstone    sand 

at    rate    of      6 

minutes  per  10  C.C. 

M 

(a.)  June^  18th,  .1895» 
Ship'ley  water. 

6-3 

0-72 

I'O 

2-0 

2*0 

2*0 

1-60 

(6.)  The  same    water 

6-7 

0-48 

0*4 

0*8 

0*8 

0-8 

0*8 

••71 

after  downward 

flltrAtion  though 

60  cc.  Keighley 

sandstone    sand 

at    rate    of      6 

minutes  per  10  cc. 
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Table  CX. 

Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the  Filtratiok 
of  certain  Acid  Moorland  Waters  through  Marble. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
50  c.c.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  c.c.} 


1 


Description  of  the 
Eiperiment. 


AcldJty 

in  Terms 

Hard- 

of C.C. 

ness 
OOO, 

,>.co. 

pMrts 

required 

,J?^ 

tonea- 

100.000. 

tmlise 

100  C.C.  of 

theWater. 

Action  on  Lead  (Results  stated  as 
Parts  per  100.000). 


Ist 
50C.C. 


2nd 

60C.C. 


Srd. 
60O.C. 


41  h    I    6th 
6')  c.c. ,  60  CX, 


ATorage* 


(a.)  June  11th,  1894, 
8hi])ley  water. 

(&.)  The  same  water 
after  upward  fil- 
tration through 
60  c.c.  marble 
(pea  size)  in 
burette  (f  dia- 
meter) at  rate  of 
19  minutes  per 
BO&c. 

(a.)  June  12tb,  1894^ 
Mossley  water. 

(6.)  The  tame  water 
after  upward  fil- 
tration through 
SO  r.c.  marble 
(pea  size)  in 
burette  (f  dia- 
meter)  at  rate  of 
19  minutes  per 
80  ex. 

(a.)  July  28rd,  1894. 
Shipley  water. 

(6.)  The  same  water 
afltf  upward  fil- 
tration through 
60  C.C.  marble 
(pea  size)  in 
burette  (|"  dia^ 
meter)  atiateof 
27  seconds  per 
60  CO. 

(a.)  July  24Uw  I8M. 
Uossley  water. 

(6.)  The  same  water 
-  alter  upward  fil- 
tration throuRh 
60  CO.  marble 
(pea  size)  in 
burette  (|"  dia- 
meter), at  rate 
of  27  seconds  per 
60C.C 

(a.)  July  30th.  180^. 
8hipl*>y  water. 

(b)  The   same  water 

after  downward 
filtration  through 
6)  cc.  inarbTe 
(pea  size),  in 
burette  (1*  dia- 
Eictcr)  at  rate 
cf26  seconds  per 
80  cc 

(c)  Same  as  (ft.),  but 

slower  rate  of 
filtration,  viz., 
6  minutes  per 
60  cc. 


4-9 


S>86 


4-9  1-20 

—       Neutral 


8-9  0*64 

I 
—        Neutral 


1-02 

Faintly 
acid. 


0-48 

Venr 

fiuntly 

acid« 


108 

Faintly 
acid. 


Neutral 


1-6 
0-0 


0-2 
0-0 


10 
01 


00 
0-0 


0-5 
O'l 


0*0 


SO 

SO 

SO 

40 

00 

0-0 

0-0 

0*0 

0-6 

0-8 

0*8 

10 

0-0 

0-0 

0-0 

0-0 

2-0 

SO 

5-6 

4*0 

0-4 

0-7 

0-8 

1-0 

0-s 

0-6 

0*6 

0-7 

0-0 

0-0 

9-1 

0-1 

2-# 

2-0 

2-0 

20 

0-2 

0-S 

0-8 

0-4 

0*0 

0*9 

0*0 

0-0 

2-90 

o*oa 


0*09 

0-oa 


2-70 
0*9» 


0*4ft 

o-o« 


1-7^ 
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Table  CX. — cotUinued. 


Description  of  the 
Bxperiment. 


Hard- 


OrOOs 

parts 

per 

100.000 


Acidity 

in  Terms 

of  C.C. 

required 
to  neu- 
tralise 
100  C.C.  of 
theWater. 


Action  on  Lead  (Besulta  stated  as 
Parts  per  100,000). 


lat 
50  CO. 


2nd 
50C.C. 


3rd   4th   6th 
60  ex.  60  C.C.  60  cc. 


Avera^. 


10 


(a.)  July  Slst,  1804, 
Mossley  water. 

(6.)  The  same  water 
after  downward 
filtration  throurh 
80  O.C.  marble 
(pea  sisft)  in 
burette  (|"  dia. 
meter)  at  rate 
of  14  seconds  per 
60  cc. 

(0.)  Same  as  (6.).  but 
slower  rate  of 
filtration,  vis.. 
3  minutes  per 
60  cc. 

(a.)  August  18th.  18M, 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
80  cc  marble 
(pea  sin)  in 
burette  (^  dia- 
meter) at  rate  of 
86  seconds  per 
60  CO. 

(c)  Same  as  (6.),  but 
rate  of  filtration 
slower,  rix.,  2 
minutes  pei  60 
cc. 


(a.)  August  lUh.  1804, 
Mossley  water. 

(6.)  The  same  water 
after  downward 
filtration  throuffh 
80  cc  marble 
(pea  sise)  in 
burette  (i"  dia- 
meter)  at  rate  of 
IS  seconds  per  60 

CO. 


(a.)  August  17th,  1894 
Horley  water. 

(6.)  The  same  water 
after  downward 
filtration  twice 
through  60  cc 
marble  (pea  size) 
in  burette  (¥' 
diameter)  at  rate 
of  10  seconds  per 
80  cc 


(a.)  August  2l8t,  1894, 
Shipley  water. 

(6.)  The  same  water 
after  downward 
filtration  through 
80  cc  marble 
(pea  slxe)  in 
buirette  (i"  dia- 
meter) at  rate  of 
10  seconds  per 
80  cc 

(c)  Same  as  (£.),but 
filtvation  re- 
pealed 6  times. 


6*6 


0-42 

0-1 

Neutral 

0*0 

Neutral 

0-0 

0-96 

1*0 

Faintly 
acid 

O'l 

Trace 

0-0 

0*48 

0-0 

Neatral 

0-0 

0*tf 

0-0 

Neuttal 

0*0 

1-80 

2*0 

0-72 

0-2 

Neutral 

0-0 

0-4 
00 


0-0 


2-6 
0-2 


0-0 


0*2 
0-0 


OU 
0*0 


4-0 
0*6 


0-0 


0-6 

0-6 

0-6 

0-0 

00 

0*0 

0-0 

00 

0*0 

20 

30 

2*0 

OS 

0*4 

0-4 

01 

01 

0-2 

0*4 

0*6 

0-8 

0-0 

0-0 

0*0 

0-4 

0*6 

0-7 

0*0 

0*0 

0*0 

4*0 

6*0 

6*0 

1-0 

1-f 

1-4 

0-0 

0*0 

ro 

0*44 
000 


0*00 


2*10 
088 


008 


0*40 
0-00 


0-16 
0*00 


4*00 

0'8S 


o-oo 
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Table  CX. — continued. 


DeHrifiiion  of  the 


HatcL- 
nen 

CaOO. 

parts 
per 

100,000 


Acidity 

inTerrn^ 

of  CO. 

leqoired 

tonea- 

traliso 

100  ox.  of 

theWater. 


Action  on  Lead  (Resulta  atated  as 
Parts  per  100/K)0). 


Ist 
SO  ex. 


2nd 

51  CO. 


Srd 
Mc.c. 


4th 

50  cc. 

6th 
60  cc. 

0-7 

0-8 

01 

0-2 

O'O 

00 

0-2 

0-2 

00 

00 

0*5 

0-8 

0-0 

0*0 

0-6 

0-7 

00 

00 

6-0 

7-0 

1*0 

1-0 

0-1 

O'l 

ATerage.. 


11  •  (a.)  Auieust  Zlst,  1804» 
I  Hoasloy  water. 

I  (&.)  The  samo  water 
after  downward 
filtration  throoeh 
60  cc  marble 
(pea  site)  in 
burette  d"  dia. 
meter)  at  rate  of 
10  seconds  per 
60  CO. 
ic)  Same  as  (A.),  but 
filtration  re- 
peated 3  times. 


13 


14 


16 


(a.)  Auiru8t26th.  1804. 
within's  Reser- 
Toir  water. 

(6.)  The  same  water 
after  downward 
filtration  twice 
throuffh  60  ex. 
marble  (pea  site) 
in  burette  (i" 
diameter)  at  rate 
oflO seconds  per 
60  cc. 

(a.)  August  26th,  188^ 
Jack  Clough 
water. 

(6.)  The  same  water 
after  downward 
filtration  thrice 
through  60  cc 
marble  (peasixe) 
in  burette  (f 
diameter)  at  rate 
"Of  10  seconds  per 
60  cc 

(a.)  August  26th,  1894, 
Within's  Main 
Stream  water. 

(b.)  The  same  water 
after  downward 
filtration  thrice 
through  50  cc 
marble  (peasixe) 
in  burette  (f" 
diameter)  at  rate 
of  10  seconds  per 
60  cc 


(a.)  August  26th.  18B4, 
Fletcher's  Dyke 
water. 

(6.)  The  same  water 
after  downward 
filtration  thrice 
through  60  ox. 
marble  (peasise) 
in  burette  {V 
diameter)  at  rate 
of  10  seronds  per 
60  ex. 


(«.) 


as  (6.).  but 
water  filtered 
onee  and  at  a 
slower  rate  of  fil- 
tration, via.,  7 
minutea  per 
60  cr. 


2*8 


4-6 


0*42      •    0*1 
0*90      '    00 


Neutral      O'O 


0*80      I    0*0 


Neutral      0*0 

I 


0*42  O'O 


Neutral 


0*0 


0*42 
Neutral 


1-70 
0*80 


0*86 


3*0 
1*0 


0*0 


0-3 
0*0 


0-0 


0*1 
0*0 


0-0 


00 


0-4 
0-1 


0-0 


0-2 
0-0 


1 
0*8    ;    0-4 

0-0    I    0-0 


0*2    I 


00 


0-6 


0*0 


6*0 
1*0 


0-0 


6*0 

I'O 


o-i 


0*46 
0*06 


O-db 


0*14 
000 


0-84 
0*00 


0*40 
0*00 


5*60 
100 


0-06 
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Table  CX. — continued. 


Deieription  of  the 
Experiment. 


A 


Hard- 
nets 

CttOOa 
pwta 

100,000. 


Acidity 

in  Terms 

of  ce. 

reqaired 

toneu- 

traase 

lOOccof 

ttaeWater. 


Action  onr  Lead  (Results  stated  as 
Farts  per  100,000). 


Ist 

50  CX!. 


2ad   I    Srd   I    4th 
80C.C.    50cx.   60C.C. 


6th     A  I  „.». 
50CX. ,  AvwM«. 


16 


17 


18 


19 


{».)  September  28th. 
1894  Watershed- 
dels  Reservoir 
water. 

(b.)  The  same  water 
after  vmry  rapid 
downward  filtra- 
tion through 
fiO  c.c.  marble 
(pea  sise)  in 
bm«tte  (V  dia- 
meter) and  fil- 
tration repeated 
until  filtrate 
showed  no  acid 
reaction. 

(e.)  Same  as  (6.),  but 
water  filtered 
once  and  at  a 
slower  rate  of  fll- 
tratioD,  via.,  fi 
minutes  per 
SO&c. 

(a.)  September  28th, 
18M,  water  of 
acid  peat  feeder 
toWatersheddels 
Re8ervo)r(No.l3.) 

(5.)  The  same  wat«r 
after  Terj  rapid 
downwaitl  filtra- 
tion through 
60  cc.  marble 
(pea  kise)  in 
burette  (i'  dia- 
meter) and  fil- 
tration repeated 
until  nitrate 
showed  no  acid  i 
reaction. 

(o.)  October  Ist,  1894, 
Shipley  water. 

(6.)  The  same  water 
after  very  rapid 
downward  filtra- 
tion through 
60  c.c.  mnrblc 
(pea  sixe)  in 
burette  (\"  dia- 
meter) and  filtra- 
tion repeated 
until  filtrate 
showed  no  acid 
reaction. 

ie.)  Same  as  {b.},  but  I 
water  filtered 
twice  and  at  a 
slower  rate  of 
filtration,  viz., 
6  minutes  per 
60  cc. 

(a.)  October  2nd,  1894 
Mossley  water. 

(6.)  The  same  water 
a!ter  downward 
filtration  through 
60  C.O.  niarble 
(pea  sixe)  in 
burette  (I"  dia- 
meter) at  rate  of 
4  minutes  per 
60  c.c. 


2*6 


3*2 


3*8 


2-6 


3*6 


6-2 

6*4 


6*6 


3*2 
3-8 


0*48 


Neutral 


Neutral 


0*6 


Neutral 


0*9 


Neutral 


0-48         0*2 
Neutral  I    0*0 


0*2 


0-0 


0*0 


0*4 


0-7 


0-0 


6-0 


0*8 


O'O         0*9 


1*0 
0*0 


0*9 


0*0 


00 


0-9 


00 


8*0 
0*0 


3*0 
0*1 


0*0        0*0 


0*0 
•0 


1*0 

0-0 


1-2 


0*0 


0*0 


0-9 


0*0 


3*0 
0*2 


0*0 


1*0 
0*0 


1*2 


0*0 


00 


10 


0*84 


0*00 


0*00 


0*80 


0  0    1      0*0 


4*0 
0-2 


0*0 


1*2 
O'O 


2*80 
0*10 


0*60 


0*80 

O'OO 
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Table  CX. — continwd. 


1 

Acidity 
in  Terms 

Hard- 

of CO. 

Action  on  Lead  (Results  stated 

as 

4S 

I>B8criptKm  of  the 

ness 
OaCO, 

^Na,00. 

■ 

Parts  per  100,000). 

1 

lixperiment. 

parts 

loSooo. 

required 
to  neu- 
tralise 

T 

1 

1 

lOOcr.of 
theWater. 

1st 
60C.C 

2nd 
50C.C. 

Srd 
50C.C. 

4th 
50C.C 

6th 
60C.C. 

Aversgt. 

20 

(«.)  October  4th.  18&.I, 
Ringstone  Beacr- 
voir  water. 

8*9 

0-06 

ro 

2-0 

2-4 

2-4 

2*4 

«0* 

(6.)  The  saaae    water 

4-3 

Neutral 

0-0 

0-0 

0-0 

0*0 

O't 

0*00 

aft«r   downward 

flitration  through 
50    C.C.     niarble 

(pea     size)      in 

burette  {\"  dia- 

meter)  at  rate  of 

4     minutes   per 

50  C.C. 

21 

(a.)  October  10th,  IS94. 
Moasley  water. 

2-8 

0-48 

0*1 

0*4 

0-7 

0-8 

10 

0-60 

(ft.)  The  same    water 

3*3 

Neutral 

0-0 

0-0 

0-0 

0-0 

0*0 

0*00 

after        upward 
filtration  throusrh 
00    CO.    marblB 

(pea      size)      in 

1           bureU«   (i"  dia- 

meter)  at  rate  of 

100  seconds  per 

50C.C. 

fi 

(a.)  October  15th,  1894. 
Shipley  water. 

4-9 

0-9 

1-0 

3-0 

3-0 

3-0 

4*0 

s-io 

(6.)  Tlie  same    water 

60 

O'ftft 

0*5 

1-0 

20 

2*0 

1-0 

1*80 

after        upward 
nitration  through 
60     c.t.    marble 

(pea     sise)      in 

burette   (i"  dia- 

meter) at  rate  of 

40    seconds    par 

50  C.C. 

!l 

(o.)  ileoeraber        3rd, 
18W,         Shipley 
^^      wat«r. 

5-4 

0-84 

1-5 

2-0 

2-5 

2-6 

2-5 

2*  20 

(ft.)  The  same    water 

6-7 

Neutral 

0-0 

00 

0-0 

0-0 

0*0 

0*00 

tfter  downward 

filtration  thmafrh 
50    C.C.    mArble 

(pea     size)      in 

liurette   (|"  dia- 

meter^ at  rate  of 

7i   mmutes    pnr 

60C.C 

24 

(a.)  Janoaiy  2l&t,  1895. 
,,,    Shipley  water. 

4*9 

1-02 

1-0 

2-5 

2-6 

8-0 

8-0 

2*40 

(ft.)  The  same    water 

6-0 

Neutral 

0*0 

0-0 

00 

O'O 

0-0 

0*00 

after  downward 

filtration  through 
60    C.C.    marmo 

(pea     size)      m 

burette    (i''  dia- 

meter)  at  rate  of 

5    minutes    per 

50  CO. 
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Table  CXI. 

Showing  the  Effect,  as  regards  Plumbo-solvexcy,  of  the  Filtbatios 
of  certain  Acid  Moorland  Waters  through  Chalk. 

[The  action  on  lead  was  tested  by  means  of  upward  filtration  through 
50  C.C.  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  cc] 


Acidity  | 

in  Terms 

Hard- 

of  cc 

Action  on  liOad  (ResuHs  stated  as 

nera 

n 

Parts  per  100.000). 

^ 

Description  of  the 

CaCO, 

j^NatCOs 

g 

Experiment. 

parts 

required 

•c 

lojwo. 

to  neu- 
tralise 

1 

III 

1 

lOOc.cof 
theWater. 

l8t 

50  CC 

2nd 
50  cc 

Srd 
60  cc 

4th 
60  CC 

6th 
50  cc. 

Averaffe. 
0*60 

1 

'"'  W% Jl^' 

2-8 

0-36      .    O-l        O-S 

0*6    ,    0-7 

1 

0-8 

water. 

' 

1 

(6.)  The   same  water 

8-4 

Neutral       0-0       O'O 

0-0 

00 

O'O    i      0*00 

after  upward  fil- 

1 

tration   through 

fiO  CO.  chalk  (pea 

1 

Hize)  in  burette 

1 

(i"  diameter)  at 

rate  of  4  minutes 

1 

per  60  cc. 

1 

1 

s 

(a.)  October  15th.  18M. 
Shipley  water. 

4*9 

0-90 

ro 

s-o 

s-o 

30 

4-0 

2-80 

(6.)  The  same   water 

6-4 

0-48 

0-0 

0-0 

0*6 

1-0 

10 

0-60 

after  upward  fil- 

tration   throcffh 
60     o.c.      chalk 

(bean    site)    in 

bux«tte  (f  dia- 

meter) at  rate  of 

40   seoondB    per 

60C.C. 
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Table  CXU. 


Showing  the  Effsct  bb  regards  Flumbo-solyenct  of  the  Flltfation 
of  certain  Acid  Moorland  Watbbs  through  Flint. 

[The  ai^tion  on  lead  was  tested  by  means  of  upward  filtration  through 
50  cc  washed  lead  shot  at  a  uniform  rate  of  3  minutes  per  50  cc.J 


DMcription  of  the 
Bxperinieiit 


Hard. 


Acidity 

in  TennH 

of  ex. 

dfcCO,   ^NbiCX), 

P"^      required 

»>©r         U)  neu- 

100.000.      traline 

luOccof 

theWater. 


(a.)  January 21iit.l»»5. 
81  ipley  water. 

(A.)  The  same  water 
a<ter  downwnrd 
filtration  throuich 
541  cc.  flint  (pea 
dize)  in  bun-ltc 
(I"  diameter)  at 
rate  uf  1  minute 
40  aeronds  per 
50  C.C. 


((I.)  January  29ih.li»r>. 
Shipley  water. 

1 6.)  The  name  water 
after  downwaril 
filtration  through 
5t)  C.C.  flint  (pea 
aixe)  in  burett** 
(r  diameter)  at 
rate  of  10)  mi 
nutes  per  50  c.c. 


'<! )  January  SlMt.  1885. 
Higher  Swinc- 
shaw  water. 


ih.)  The  same  water 
after  downward 
filtration  through 
60  cc.  flint  (pea 
aiie)  in  burette 
(I*  diameter)  at 
rateof74minutei( 
per  50  ox. 


4*9 


5-4 


0-84 


0-96 
0-84 


0*48 


0-48 


Action  on  Lead  (Beaults  stated  as 
FarUperlOO/)00). 


1st 
60  CO. 


8nd 
60C.C. 


10 
1*0 


1-0 
1*0 


0-2 


0-4 


8'B 
2-6 


2-6 
2-0 


1-0 


1-2 


Srd 
50  cc. 


4th        6th 
60  CO.  |50c.c. 


Average. 


2-5        5-0 


80        S'O 


2-5 
2-5 


1-2 


1*0 


2*6 

2-5 


1-2 


1-0 


3*0    i      8*40 
SO  2*60 


26 


1*2 


2-80 


SO  2*80 


0'9tf 


0*92 


E    98614. 
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The  numerous  results  placed  on  record  in  the  above  tables  (Tables 
CIV.  to  CXII.,  both  inclusive)  may  be  briefly  summed  up  as  follows:  — 
Filtration  respectively  through  asbestos  and  flint  was  of  negative  value, 
both  as  regards  removal  of  acidity  and  plumbo-solvency.  Coke  and 
polarite  filtration  were  of  relative  value  only,  but  the  polarite  gave 
better  results  than  the  coke,  and  in  the  earlier  experiments  proved  quite 
satisfactory.  Iceland  Spar,  limestone,  marble,  and  chalk  were  completely 
satisfactory  except  when  the  filtration  was  too  rapid  to  allow  of  complete 
neutralisation  of  the  water.  River  sand,  and  especially  sea  sand, 
filtration,  proved  quite  satisfactory,  both  as  regards  neutralising  the 
acidity  and  removing  the  plumbo- solvent  ability  of  the  waters;  but 
sandstone  sand  and  sea  sand  previously  treated  with  hydrochloric  acid 
were  of  negative  or  merely  relative  value.  In  those  cases,  in  which 
the  filtration  experiments  were  satisfactory,  the  water  was  usually 
rendered  "  harder." 


In  the  table  (CXTII.),  pages  211,  212,  the  results  are  shown,  as  regards 
hardness,  acidity,  and  action  on  lead  of  Shipley  water,  before  and  after 
the  addition  respectively  of  0*  I  i>er  cent,  of  powdered  marble,  river 
sand,  powdered  limestone,  powdered  chalk,  sea  sand,  Iceland  Spar,  and 
powdered  flint. 

The  results  as  regards  the  powdered  marble,  limestone,  chalk,  sea 
sand,  and  Iceland  Spar  were  that  the  acidity  and  plumbo-solvent 
ability  of  Shipley  water  were  completely  removed  by  this  treatment 
and  the  "  hardness  "  of  the  water  was  increased.  The  river  sand  and 
flint  were  only  of  relative  value,  and  the  water  was  rendered  less 
*^  hard "  by  the  treatment.  Allusion  must  also  be  made  to  certain 
parallel  experiments  as  regards  the  erosive  ability  of  the  water  befoi-e 
and  aft-er  similar  treatment.  The  results,  in  relation  to  erosion,  were 
satisfactory  in  the  case  of  the  marble,  limestone,  chalk,  and  Iceland 
spar  ^*  treatment,"  most  unsatisfactory  in  the  case  of  the  river  sand,  and 
unsatisfactory  also  as  regards  the  sea  sand  and  flint  treatment. 

Sfieaking  in  general  terms,  the  marble,  limestone,  chalk,  and  Iceland 
Spar  "  treatment "  was  completely  efiicacious,  the  sea  sand  "  treatment  *' 
less  satisfactory,  and  the  river  sand  and  flint  treatment  of  negative 
value. 


Table  CXIV.,  pages  213,  214,  shows  the  effect,  as  regards  acidity  and 
action  on  lead,  of  "  treating  "  an  acid  moorland  water  with  a  neutralising 
quantity  of  sodium  carbonate,  lime,  and  chalk. 

It  will  be  noted  that  the  result  in  each  case  was  satisfactory ;  the 
plumbo-Bolvent  ability  of  the  water  being  completely  removed  by  the 
treatment.  The  lime  and  chalk  rendered  the  water  **  harder,*'  the 
sodium  carbonate  less  "hard.'  The  results  were  also  satisfactory  as 
regards  erosion. 

In  the  table  on  pages  215-219  (Table  CXV.)  the  effect,  as  regards 
acidity  and  pi  umbo- sol  vent  ability,  of  filtering  Shipley  water  through 
limestone,  is  shown. 
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It  ifl  to  be  noted  that  Experiment  1  shows  the  acidity  and  plumbo- 
solvent  ability  of  the  untreated  Shipley  water,  and  is  to  be  regarded  as 
the  control  experiment  to  Experiments  2  and  3. 

In  Experiment  2  the  water  was  first  filtered  through  a  limestone  and 
then  through  an  asbestos  filter.  In  Experiment  3  the  water  was  first 
filtered  tlirough  the  asbestos  filter  and  then  through  the  limestone. 
The  distinction  is  important;  and  the  experiments  were  designed  to 
show  that,  unless  the  suspended  vegetable  matter  in  a  moorland  water 
is  first  removed  by  some  mechanical  means,  the  limestone  speedily 
becomes  coated  with  a  slimy  substance  which  prevents  the  water  from 
becoming  neutralised. 

The  results  shown  in  Experiment  2  clearly  proved  that  the  limestone 
soon  became  coated  with  vegetable  matter,  and  ceased  to  correct  the 
acidity,  and  thereby  the  plumbo-solvent  ability  of  the  water. 

Experiment  3  yielded  much  more  satisfactory  results,  as  the  filtered 
water  was  usually  neutral,  or  only  faintly  acid,  and  had  either  no  plumbo- 
solvent  ability  or  a  greatly  reduced  solvent  action  on  lead.  But  even  in 
this  experiment  the  vegetable  matter  seemed  to  some  extent  to  have 
passed  through  the  asbestos  filter  and  to  have  coated  the  limestone. 

The  above  experiments  have  a  practical  bearing  on  the  procedure 
adopted  at  different  waterworks  for  the  purpose  of  correcting  the  acidity 
and  plumbo-solvency  of  moorland  waters.  On  some  water  works  a  rough 
permeable  dam  composed  of  limestone  or  chalk  blocks  is  built  across 
the  streams  "  feeding  '*  the  storage  reservoirs,  near  the  point  where 
these  screams  enter  the  reservoirs.  The  object  of  this  is  to  neutralise 
the  acidity  of  the  water  as  it  filters  through  the  blocks.  But  in  a  very 
short  space  of  time  the  blocks  composing  the  dam  become  so  coated 
with  vegetable  matter  as  to  render  them  useless  for  the  purpose  (com- 
pare with  Experiment  2).  On  other  waterworks  the  reservoir  water 
is  filtered  through  filters  composed  of  sand,  pebbles,  and  limestone. 
In  such  a  case  the  sand  mechanically  holds  back  the  suspended  vege- 
table matter,  and  the  surface  of  the  limestone  remaining  clean  and 
uncoated  is  able  continuously  to  exert  a  neutralising  effiect  (compare 
with  Experiment  3). 

Summary  (under  Section  II.  (c.)). 

The  experiments  described  in  the  foregoing  tables  are  so  numerous 
that  it  is  difficult  to  summarise  the  results  in  a  brief,  yet  intelligible, 
manner.  Such  summary  as  is  here  attempted  should  be  interpreted 
with  the  aid  of  the  detailed  descriptions  which  have  preceded  it. 


Substances,  Conditions,  or 

Factors  which  do  not  soem  to 

Inflaence  Materially  the 

Question  of  Acidity  and 

Plumbo-flolvencv,  or  which  at 

best  can  only  be  renrded 

as  of  Relative  Value. 


Magnesium  sulphate  r   ^^i^^* 

%hloride      A   ^,^iVf 
ium  chloride  l^p^r  cent. 


Oalcium 
Sodium 
Ammonium 


Storinf  mooriand  waters  in 
partially  filled  and  un- 
stoppered  bottles  for  long 
penods. 

Boiling  (as  regards  some 
waters,  at  all  events). 

Aeration. 


Substances,  Conditions,  or 
Factors  which  may  Incresse 
the  Plumbo-solvent  Ability 
of  Moorland  Waters.         , 


Ammonium    „      (^    ingly. 

Concentration  by  boiling 
(with  some  waters,  at  all 
events). 

[?  Temperature  and  duration 
of  contact,  within  certain 
limits,] 


Substances,  Oonditions,  or 

Factors  which  remove 

the  Plumbo  solvent  Ability 

of  Moorland  Waters. 


Ammonium      car-^  rr  - ' 

bonate  -  •  iiSSSSt 
Sodium  carbonate  h"S^t 
Lime  water  -  4  •«»««« 
Limestone  water  .  „.„^u^ 
Oalcium  phosphate  Sf^SS? 
Sodium  I.        J  the  water. 

Shaking  with   ez-^ 
cess  of  powdered         By 

chalk,      marble.  neutral- 
Iceland        Spar,  y     ising 
limestone,     and         the 

some    kinds   ol  aeidity. 
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Sabstanoes,  Conditlona,  or 

Factors  which  do  not  seem  to 

Infloenoe  Materially  the 

Qoestion  of  Acidity  and 

Plambo-solvenov,  or  which  at 

best  can  only  be  renrded 

as  of  Relative  Talue. 


SabRtances.  Conditions,  or 
FaotorR  which  may  Increase  , 
the  Plumbo*solveiit  Ability   i 
of  Moorland  Waters. 


Substances.  Conditions,  or 

Factors  which  remove 

the  Pluui bo-solvent  Ability 

of  Moorland  Waters. 


with  flint,  silica,  and 
of  sand. 

Filtration  throuKh  asbestos, 
ooke.  polarite,  flint,  and  some 
kinds  of  sand. 

"Coated  "lead. 


Filtration  thBough^        ,.^, 
I<«land         Snar.  ^J> 


Iceland  Spar, 
marble,  lime- 
stone, chalk,  and 
some  kinds  of 
sand. 


neutral* 

ising 

the 

acidity. 


I  [Potassium  oilicate  and  sodium 
nitrate  inhibited  plnmbo- 
solvency.  but  the  samples 
employed  were  alkaline  in 
reaction  and  neutralised  the 
acidity.] 


The  oontiDttOus  passage  of  au  acid  moorland  water  through  the  same 
lead  shot  does  not  result  in  the  water,  at  the  close  of  the  experiment, 
dissolving  less  lead  than  in  the  earlier  stages  of  the  experiment. 

The  repeated  filtration  tlirough  the  same  lead  shot  of  the  same  sample 
of  moorland  water  does  not  result  in  the  water  dissolving  more  and 
more  lead  as  the  filtration  is  again  and  again  repeated. 

Lastlj,  the  tendency  or  the  reverse  of  moorland  waters  to  dissolve 
lead  and  the  circumstances  which  govern  the  vigour  of  such  solvent 
action  of  moorland  water  on  lead,  were  found  throughout  the  experiments 
to  depend  solelj  on  the  presence  of  acidity  or  absence  of  acidity,  and 
on  the  degree  of  acidity  of  the  various  waters. 

In  conclusion,  the  correlation  of  acidity  and  lead-dissolving  property 
and  the  broad  parallelism  between  the  amount  of  acidity  and  the  vigour 
of  solvent  action  on  lead  must,  on  the  basis  of  the  records  given  in 
Volume  I.  and  the  foregoing  experiments,  be  finally  accepted  as 
established  facts. 

(d.)  Natural  Waters  other  than  Rain  or  Moorland  Waters, 

No  special  experiments  were  carried  out  under  this  heading  for  the 
obvious  reason  that  the  investigation  of  the  negative  side  of  the 
question  of  plumbo-i»olvency  was  sufiftciently  covered  by  the  examination 
of  multiple  samples  of  moorland  spring  waters  and  moorland  '<  treated  " 
waters.  These  results  have  already  been  given  in  Volume  I.,  and  it 
only  remains  to  be  said  that  the  moorland  spring  water  and  the  moorland 
''treated"  water  (when  the  treatment  was  efficacious)  were  always 
found  to  be  neutral  and  free  from  appreciable  solvent  action  on  lead. 
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SECTION  III.— THE    CAUSE   OF  ACIDITY  OF  MOORLAND 

WATERS. 

In  illustration  of  the  general  scope  and  nature  of  this  section  of  the 
enquiry  it  is  of  advantage  to  quote  at  some  length  from  Mr.  Power's 
report,*  as  follows : — 

"  In  proceeding  to  search  for  the  source  or  sources  of  aciditj  of 
moorland  waters,  it  appeared  first  of  all  important  to  determine  the  stage 
in  its  moorland  histoiy  at  which  a  water  acquires  acidity  ;  whether,  for 
instance,  as  regards  water  accumulated  in  pools  in  the  peat,  acidity  is, 
BO  to  speak,  manufactured  in  the  water  in  sttUy  or  has  been  already 
contributed  to  it  in  the  process  of  its  passage  there.  Dr.  Houston, 
therefore,  instituted  additional  laboratory  experiments  in  the  following 
directions. 

'^  Acid  waters  from  several  separate  moorland  gathering  grounds  were 
tested  as  to  the  nmount  of  acidity  po9ses8ed  by  each  immediately  on 
collection,  and  were  tested  again  in  like  manner  after  being  dealt  with  in 
each  instance  in  various  ways  : — 

(«.)  After  boiling ; 

(6.)  After  aeration ; 

(c.)  After  keeping  for  different  periods  of  time  in  bottles  completely 
filled  and  stoppered  ; 

(d.)  After  keeping  for  different  periods  of  time  in  bottles /Mxr/£a//y 
filled  and  not  stoppered ; 

(e.)  After  neutralising  with  sodium  carbonate  ;  thenceforward  retain- 
injr,  lor  different  periods  of  time,  sections  of  such  sample  in 
bottles  partially  filled  and  completely  stoppered;  in  bottles 
partially  filled  and  not  stoppered ;  and  in  bottles  completely 
filled  and  completely  stoppered, 

**  As  a  result.  Dr.  Houston  found  that — 

"  Boiling  usually  greatly  i-educed  the  initial  acidity.  But 
cc^rtain  waters  were  practically  unaffected  in  this  respect  by 
boiling ;  indeed,  sustained  boiling  of  them  increased  their  acidity 
to  an  extent  corresponding  to  the  concentration  of  the  water. 

"  Aeration  usually  slightly  reduced  the  initial  acidity.  But  some 
waters  were  altogether  una^ected  as  regards  their  acidity  by  this 
process. 

**  Keeping  in  bottles  completely  filled  and  completely  stoppered 
in  no  instance  gave  rise  to  increase  of  acidity,  usually  there  was 
slight  diminution  of  that  originally  observed. 

**  Keeping  in  partially  filled  bottles  not  stoppered  usually 
diminished  the  acidity  very  greatly,  and  in  some  waters  it  almost 
disappeared.  But  there  were  waters  in  which  the  diminution  of 
acidity  was  only  slight  after  a  considerable  lapse  of  time. 

<'  Neutralising  with  sodium  carbonate^  with  subsequent  retention 
of  the  samples  under  di^erent  conditions  of  exptmfre  to  air :  in 
no  instance  was  there  any  redevelopment  of  acidity. 

*  Report  of  the  Medical  Officer,  Local  Government  Board,  1898-94.  Lead 
Poisoning  by  Moorland  Waters.     By  W.  H.  Power,  F.R.S. 
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"These  observfttions  appeared,  fill  of  them,  to  tend  in  one  direction 
onlj.  Thej  seemed  to  indicate  that,  so  far  as  acidity  is  concerned, 
the  chemical  biptorj  of  the  rain  which  after  falling  on  a  nnoorland 
accnmnlates  in  depressions  on  the  snrface  of  the  peat,  is  practically 
complete  by  the  time  that  it  has  accumalated  there  ;  and  that  thence- 
forward such  water  is  little  likely  hy  processes  set  up  within  it,  to 
develop  increase  of  acidity.  The  question,  therefore,  arose :  What  are 
the  conditions  to  which  rainfall  on  peat  moorland  is  subjected, 
antecedent  to  its  accumulations  in  pools  there,  that  may  be  thought  of 
as  contributing  acid  quality  to  moorland  water  ? 

"That  a  sotnething  is  contributed  by  peat  to  water  in  sustained 
contact  with  it,  or  flowing  over  it  or  through  it,  had  indeed  been 
suggested  by  certain  facts  noted  in  regard  of  the  Burnmoor  series  of 
observations;  and,  as  a  consequence,  Dr.  Houston  had  already 
commenced  a  week-by-week  examination,  chemical  and  bacteriological, 
of  samples  of  peat  soil  selected  by  him  on  certain  moorland  gathering 
grounds.  This  peat  soil  he  had,  on  a  number  of  different  gathering 
grounds,  found  to  be,  where  moist,  invariably  acid.  It  occurred  to  him, 
therefore,  at  this  juncture,  to  further  test  his  moorland  waters  the 
chemical  history  of  which  appeared  com]>lete,  by  bringing  them 
once  again  into  relation  with  the  moorland,  in  so  far  as  this  might  be 
done  by  means  of  a  certain  "  peat  essence "  prepared  by  him  for  this 
purpose.     And  this  he  accomplished  as  follows : — 

1.  By  adding,  always  in  minute  amount,  freshly  collected  samples  of 

acid  moorland  waters  to  sterile  (neutral)  peat  decoction. 

2.  By  adding,  in  small  amount,  sterile   (neutral)  peat  decoction  to 

freshly-collected  samples  of  acid  moorland  water. 

"The  resnlt  was,  to  say  the  least,  interesting.  The  neutral  peat 
decoction,  to  which  moorland  water  had  been  added,  showed  signs  of 
bacterial  growth,  and  developed  in  most  instances  acid  reaction.  So,  too, 
the  moorland  waters,  to  which  peat  decoction  had  been  added,  showed 
signs  of  bacterial  growth,  and  usually  increased  in  acidity.  Thus,  it 
was  seen  that  if  the  agency  dominant  in  producing  the  acid  in  question 
was  contained  in  the  sterile  peat  decoction,  this  agent  must  needs  be  of 
chemical  not  of  biological  nature  ;  whereas,  if  contained  in  the  moorland 
waters,  it  might  be  the  one  or  the  other.  Hence  followed  the  inference 
that  failure  of  moorland  waters  under  laboratory  conditions  to  increase 
their  acidity  was  dne  to  the  circumstance  that  they  had  become 
divorced  from  the  peat ;  with  the  further  suggestion,  namely,  that  moor- 
land water  samples  are  apt  to  contain  bacteria — no  doubt  derived  from 
the  peat — capable  of  generating  acid  when  brought  in  relation  with 
sterile  peat  decoction. 

"In  these  circumstances  Dr.  Houston  instituted  additional  experiments 
in  which,  for  the  purpose  of  inhibiting  bacterial  processes  in  acid  moor- 
land water  samples,  alcohol  as  well  as  sterile  peat  decoction  was  added 
thereto.  And  he  found  that  in  every  instance  the  water  thus  dealt  with 
failed  to  develop  additional  acidity.  With  this  indication  that  biological 
considerations  were  very  possibly  involved  in  satisfactoiy  solution  of  the 
problem  of  acidity  of  moorland  waters,  Dr.  Houston  reverted  somewhat 
hopefully  to  his  study  of  the  bacterial  constituents  of  peat  soil.  His 
results,  so  far,  in  this  connection  are  briefly  as  follows : — 

"To  separate  samples  of  distilled  water  that  was  netitral  in  its 
reaction  and  which  did  not  dissolve  lead,  there  were  added  small 
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araonnts  in  ench  instance  of  tnoitt  peat  sail  from  different  selected 
gathering  grounds.  As  a  roeult  every  sample  of  distilled  water 
developed  in  a  short  while  acid  reaction  and  was  found  to  have 
acquired  ability  to  dissolve  lead. 

**  To  separate  samples  of  sterile  (neutral)  peat  decoction  which 
did  not  dissolve  lead,  there  were  added  minute  amounts  in  each 
instance  of  moist  peat  soil  from  different  gathering  grounds  As  a 
result  the  samples  of  peat  decoction  always  developed  bacterial 
growth,  and  at  the  same  time  were  usually  found  to  possess  acid 
reaction  and  ability  to  dissolve  lead. 

^*  Gelatine  plates  inoculated  with  material  from  the  above  peat 
decoctions  that  had  beccme  acid  as  a  result  of  addition  to  them  of 
minute  amounts  of  peat  soil  developed  colonies  of  a  variety  of 
microbes. 

^*  Separated  in  pure  culture  and  severally  retransferred  to  other 
samples  of  sterile  (neutral)  peat  de^^oction,  the  majority  of  the 
microbes  that  had  been  isolated  failed  to  render  this  culture 
medium  acid,  or  to  confer  on  it  ability  to  dissolve  lead. 

"  A  minority f  two  in  number,  of  the  microbes  thus  isolated  in 
pure  culture  did,  when  retransferred  to  sterile  (neutral)  peat 
decoction,  render  this  medium  acid,  and  they  conferred  on  it  at  the 
same  time  ability  to  dissolve  lead.  Provisionally,  Dr.  Houston 
designates  these  microbes  *  O '  and  '  Q,.' 

'^  Moist  peat  soil  from  a  variety  of  gathering  grounds,  when  subjected 
to  the  process  of  plate  culture,  yielded — 

(a.)  A  number  of  microbes  which,  when  inoculated  in  pure  calture 
into  sterile  (neutral)  peat  decoction,  either  did  not  grow 
therein ;  or,  if  they  grew,  produced  no  acid  change  in  the 
medium. 

(b,)  Two  microbes  which,  when  inoculated  into  sterile  (neutral)  peat 
decoction,  multiplied  therein  with  considerable  vigour,  pro- 
duced in  the  medium  acid  reaction,  and  conferred  on  it  ability 
to  dissolve  lead. 

These  two  microbes,  which  were  found  to  be  identical  with  *  O '  &n<l 
'  Q'  above  referred  to,  are  still  subjects  of  study  by  Dr.  Houston." 


A. — Chemical  Experiments. 

The  foUowing  tables  (Tables  CXVI.,  CXVn.,  and  CXVIII)  deal 
with  the  acidity  of  Shipley,  Mossley,  and  Settle  Peat  Pool  waters, 
(a)  in  completely  filled  and  stoppered  bottle  and  (b)  in  incompletely 
filled  and  unstoppered  bottles  : — 
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Tablb  CXVl. 

Showing  the  Amount  of  the  Acidity  in  Shiplbx  Water  (Sukfaoe 
of  Eldwick  Reseryoib),  and  the  ErFBOT,  as  regards  AdDrrr,  of 
preserving  the  Wateb  for  sometime — (a)  m  Complbtelt  Filled 
and  Stoppebed  Bottles  and  (b)  in  Incompletely  Filled  and 
Unstoppebed  Bottles. 


Results  stated  as  co.  ^  Ns.  CO.  needed  te  neutralise 

Description  of  the  Experiment. 

100  CO. 

of  the  Water. 

A. 

B. 

C. 

Per-centage 

4I 

Original 
Ac&ity. 

Acidity  after 

being  kept 

for  some  time 

incompletely 

FiUedand 

Acidity  after 
being  kept 

for  some  tune 
in  partially 
Fifiedud 

Reduction  of 
Acidity. 

B. 

from 
A. 

c. 

ftom 
A. 

Shipley  water: 

A.  tested  Februaiy  2, 18M. 

B.  C.  tested  Febmaiy  24, 1894 
(22  days). 

IS 

130 

1-20 

0 

7 

Shipley  water : 

A.  tested  Februaiy  27. 1884. 

B.  C.  tested  March  28.  1804 
(23  days). 

1-0 

roo 

100 

0 

0 

Shipley  water: 

A.  tested  March  6. 1894. 

B.  C.  tested  April  18.  18U4 
(38  days). 

108 

0*86 

0-84 

11 

22 

Shipley  w»ter: 

A.  tested  March  18. 1884. 

B.  C.  tested  April  13.  1884 
(81  days). 

1'16 

1-0 

0-96 

0 

17 

Shipley  water: 

A.  tested  March  28, 1884. 

B.  C.  tested   April  13.  1684 
(24  days). 

0-8 

0-84 

0-72 

8 

80 

Shipley  water: 
A.teetedMay29.l884. 
B.  C.  tested  Jime   16,  1884 
(18  days). 

1-2 

1-20 

1*20 

0 

0 

Shipley  water: 

A.  tested  Jane  4. 1884. 

B.  C.  tested  June  25.   1884 
(21  days). 

1-8 

1-30 

1-20 

0 

T 

Shipley  water : 

A.  tested  June  11. 1884. 

B.  0.  tested  June  25,  1884 
(Udnys). 

1-2 

1-20 

I- 10 

0 

8 

Shipley  water : 

A.  tested  June  18. 1884. 

B.  C.  tested  July  18    1884 
(80  days). 

1-08 

0-86 

0-86 

11 

11 

10 

Shipley  water : 

A.  tested  June  25. 1884. 

B.  C.  tested    July  18.  1884 
(23  days). 

1-08 

1-08 

0-86. 

0 

11 

From  the  foregoing  table  it  appears  that  Shipley  water,  when  pre* 
serred  for  some  time  in  partially  filled  and  anstoppered  bottles,  lost  as  a 
rale  a  slight  amount  of  its  original  acidity;  but,  when  kept  in  com- 
pletely Med  and  stoppered  bottles,  the  water  usually  retained  its 
origioal  acidity  in  full  degree. 

E    98614.  P 
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Tablb  CXVIl. 


Showing  the  AmbtNT  of  the  Acidity  of  the  Mossley  Main  Watke 
B&d  the  Effect  as  regards  Acibixr  of  preserving  the  Water 
(a)  in  Completely  Filled  and  Stoppered  Bottles  and  (6)  in 
Incompletely  Filled  and  Unstoppered  Bottles. 


Results  stated  aac.c.^!! 

Na,CO,  needed  to  neutralise 

DeMription  of  the  Experiment. 

100  CO.  of  th«  Water. 

A. 

B. 

C. 

Per-centage 

, 

Original 
Acidity. 

Acidity  after 

being  kept 

for  some  time 

in  completely 

FiUedand 

Stoppered 

Bottles. 

Acidity  after 
being  kept 

for  some  time 
in  partially 
Fined  and 

Unstoppered 

Acidity- 

1 

B. 

from 

A. 

from 
A. 

MoMley  main  water  : 
A.  tested  January  2. 1894. 
B.C.  tested  February 3, 18M 
(32  days). 

0-30 

0-80 

0*30 

0 

0 

Mossley  main  water : 

A.  tested  January  10, 1894, 

B.  C.  tested  February  5, 1894 
(26  days). 

0-86 

0*36 

0-24 

0 

ss 

Mossley  main  water: 
A.  tested  January  18, 1894. 

(11  days). 

©•30 

0-24 

0-24 

20 

20 

Mossley  main  water : 

A.  tested  January  26, 1894. 

B.  C.  tested  February  7. 1894 
(12  (lays). 

0-80 

0-24 

0-24 

20 

20 

Mossley  main  water : 

A.  tested  February  1, 1894. 

B.  C.  tested  February  28, 1894 
(27  days). 

0-80 

0'24 

0-20 

20 

ss 

Mossley  main  water : 

A.  tested  February  16. 1894. 

B.  C.  tested  March  28,  1894 
(35  days). 

0*96 

0-30 

0-30 

0 

16 

Mossley  main  water : 

A.  tested  March  6. 1894. 

B.  C.  tested  April  13. 1894  (88 
days). 

0*86 

0-36 

0-24 

0 

88 

Movsley  main  water : 

A.  tested  March  10, 1894. 

B.  C.  tested  April  13.  1894  (84 
days). 

0-88 

0-36 

030 

0 

16 

Mossley  main  water : 

A.  tested  March  22, 1894 

B.  C.  tested  April  13, 1894  (22 
days). 

0-30 

0*80 

0*24 

0 

20 

10 

Mossley  main  water : 

A.  tested  June  12, 1804. 

B.  C.  tested  Juno  27, 1894  (16 
days). 

0-S4 

0-48 

0-30 

11 

44 

u 

Mo&sley  main  water  : 

A.  tested  June  19. 1894. 

B.  C.  tested  July  18. 1894  (29 
days). 

0-4S 

0-48 

0-86 

0 

25 

11 

Mossley  main  water : 

A.  tested  June  27, 1894. 

B.  C.  tested    July   18     (21 
days). 

0-54 

0*54 

0-36 

0 

83 
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The  results  obtained  with  Mossley  water  were  yerj  similar  to  those 
obtained  with  Shiplej  water ;  bat,  on  the  whole,  Mossley  water  showed 
a  greater  tendency  to  lose  acidity  on  keeping  than  Shipley  water. 

Table  CXVIII. 

Showing  the  Amount  of  the  Actdity  in  Settle  Peat  Pool  Water, 
and  the  Effect  as  regards  Acidity  of  keeping  the  Wateb  for 
some  time — (a)  in  Completely  Filled  and  Stoppeked  Bottles 
and  (b)  in  Incompletely  Filled  and  Unstoppered  Bottles. 


Results  stated  as  o.c.  ^a 

NasCOs  required  to  neutralise 

Description  of  the  Experiment. 

lOOcc. 

of  the  Water. 

As 

B. 

C. 

Per-ci 

Reduc 

Aci( 

intage^ 

J 

Oriirinal 
Acidity. 

Acidity  afl«r 

being  kept 

(or  some  time 

in  completely 

FiUedand 

Stoppered 

Bottles. 

Acidity  after 
being  kept 

for  some  t  J  me 
in  partiaUy 
Filled  and 

Unstoppered 
Bottles. 

tion  of 
lity. 

1 

B. 

from 
A. 

C. 

from 

A. 

Settle  Peat  Pool: 

B.,  C.  tested  February  S,  1894 
(IS  days). 

0*48 

0-48 

0*36 

0 

2S 

Settle  Peat  Pool; 
A.  tested  January  22. 1894; 
B.,C.  tested  February  6, 1894 
(14  days). 

0-96 

0-96 

0-60 

0 

37*5 

Settle  Peat  Pool : 
A.  tested  January  23, 1894; 
B.,  C.  tested  February  5, 1894 
(ISdays). 

1-30 

1-08 

0-60 

17 

64 

Settle  Peat  Pool: 
A.  tested  January  25, 1894 ; 
B..  0.  tested  February  7, 1894 
(15  days). 

• 

0-48 

0*48 

0*24 

0 

60 

Settle  Peat  Pool: 
A  tested  Januaiy  29, 1894 ; 

(12  days). 

ro8 

0-96 

0-72 

11 

33 

Settle  Peat  Pool: 

A.  tested  Januaiy  80. 1894 ; 

B,  C.  tested  February  10. 1891 
(11  days). 

0-48 

0-42 

0-36 

• 

12 

25 

Settle  Peat  Pool: 
A.  tested  February  3. 1894 ; 
B..  C.  tested  Februaiy  12, 1894 
(9  days). 

0*86 

0-30 

0-24 

16 

SS- 

Settle  Peat  Pool: 
A.  tested  Februaiy  6, 1894 ; 
B..  0.  tested  February  11, 1894 
(6  days). 

0-36 

0'8« 

0*24 

0 

9r 

Settle  Peat  Pool: 
A.  tested  February  8, 1894 ; 
B..  0.  tested  Februaiy  23, 1894 
(ISdays). 

0*36 

0-30 

0-30 

0 

la 

p  2 
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Table  CXVIIL— continued. 


Deicription  of  the  Experiment. 

BesulU  stated  aa  ex.  ^  Na.CCs  required  to  neutnliae 
100  ex.  of  the  Water. 

A. 

B. 

C. 

H 

Original 
Acidity. 

Acidity  after 

being  kept 

for  some  time 

in  completely 

FiUedand 

Acidity  after 
being  kept 

for  some  time 
injpartially 
Filled  and 

"■air* 

BeduetioiiQC 
Acidi^. 

B. 

ftem 
A. 

0. 

from 

A. 

10 
11 
12 

U 

lA 
16 

Settle  Peat  Pool: 
A.  tested  FebraAr3r4. 1894: 
B..  C.  tested  February  24, 18&4 
(lOdajs). 

Settle  Peat  Pool : 
A.  t<«ted  February  24. 1804 ; 
h.,  C.  tested  Febrnary28. 1894 
(4  days). 

Settle  Peat  Pool: 
A.  tested  February  22, 1894; 
B..  C.  tested  February  28.  1891 
(6da}-8). 

Settle  Peat  Pool: 
A.testedMaroh2.1894: 
B..  C.  tested  March  8, 1894  (6 
days). 

Settle  Peat  Pool : 
A.te9tedMar«h9.1894; 
B.,  C.  tested  March  13.  1894 
(9  days). 

Settle  Peat  Pool : 
A.  tested  March  19, 1891; 
B..  C.  U>sted  March  31,  1894 
(12  days). 

Settle  Peat  Pool: 
A.teste*^  Jine5,1894; 
B..  C.  teiitcd  June  9,  1891  (4 
days). 

0-84 

0-eo 
0-eo 

0-60 
0-60 
0-66 
0*48 

0-84 
0'60 
0*00 
0-M 
0-00 
0-M 
0*48 

0-48 
0-48 
0*49 
0-48 
0-36 
0-24 
*        0-50 

0 
0 
0 
10 
0 
0 
0 

42 

«0 

M 

20 
40 
63 
37 

Settle  Peat  Pool  water  usually  lost  none,  or  only  very  little,  cf  its 
original  acidity  when  kept  in  completely  filled  and  stoppered  bottles ; 
but,  when  preserved  in  partially  filled  and  unstoppered  bottles,  a 
distinctly  appreciable  loss  of  acidity  usually  occurred. 

The  results,  as  a  whole,  seem  to  indicate  that  the  storage  of  acid 
moorland  waters  (e,g.,  in  reser\'cirs)  could  certainly  not  be  relied  on  to 
remove  the  acidity,  but  that  storage  would  probably  be  of  some  benefit 
in  that  it  might  reduce  to  some  extent  the  degree  of  acidity,  and  doubt- 
less also  to  a  corresponding  extent  the  degree  of  plumbo-solvent  ability. 
In  none  of  the  experiments  was  any  appreciable  gain  in  the  amount  of 
acidity  observed. 

The  Hbove  results  receive  confirmation  from  those  set  forth  in 
Table  CXIX. 
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Table  CXIX. 

nriugthellESULTSy  as  regards  Aciditt,  of  keeping  certain  Moorland  Watebs  for 
Twybg  Periods  of  Time  in  Completely  Filled  and  Stoppered  Bottles  and 
in  B(ym.Bs  only  Partially  Filled  and  TJnstoppered. 


ScKriptkMj  of  the  Sample 
Water. 


Reaction  with  Lacmoid. 


Reaetion 
of  the 
Water 
vhen 
first  ex> 
amined. 


Reaction 
of  the 
Water 
after 


kept  for 


Time  in 
com- 


led  and 

stoppered 

Bottle. 


Reaction 
of  the 
Water 
after 
beinir 

kept  for 
some 

Time  in 

a  Bottle 

*"&• 

filled  and 
unatop- 
pered. 


Acidity  in  Terma  of 
e.c  ^NasCQi  required  to 

neutralise  lOOccof 
the  Water. 


Acidity 
of  the 
Water 

when 
first  ex- 
amined. 


Acidity 
of  the 
Water 
alter 
heing 

kept  for 
some 

Time  in 
com- 

R  lately 
edand, 
stoppered 
Bottle.    I 


Acidity 
of  the 
Wat^r 
after 
beiny 

kept  for 
some 

Time  in 

a  Bottle 

flUedand 
uustoj 


Date  of  com- 
mencement of 
Experiment 
and  date  of 
subsequent 
Testing  for 
Acidity. 


Covm  Brook  Reaenroir 
^ntier  (Soehdale  Waler- 

jiwki). 

Vkra  Seserrdr  water 
(Ifldidale  Wsterworks). 

fcnple  of  -iron"  water 
ma  eoal  workinn  on 
Boehdale  gatEering 
mwA.  This  water  at 
I  caetine  vas  allowed  to 
!  Hrttf  vaterwofka.  The 
•Qd^ippesrs  to  be  doe 
to  tlM  andatkm  of  iron 
Pjntei  (?e8|)  which  is 
iwent  in  the  wotkinga  in 

^  (K01&  aide)  to 
]f«dak  Brook  (Preaton 

VtiBworks). 

^(^v|^  intake  (Black- 
wn  Waterworks). 

^S!*  to  Well  Spring 
noa|di(BIadLbamWate?- 

Bewrfoir    water 
Waterwori^). 

Oi^w   Brook     (Bolton 

•hler  A«Ui^  Reservoir 
*ww  **■*>■«»*)  Wake- 
toJVsterroks. 

■ttpfe  of  -iron-  water 
^oiAlwortingB  (as in 

.KipemDentS). 

^^oooi  (Jtough    Wo.  1 

JfiwipWaterworka). 

Tttgww  aoQgh    No.  8 

•M$S?&ogh 
w»wr(Bacap  Water- 

fteejbwse  Cloogh  Reaer- 
•flLl?«*P'^«5erworks). 
J«    .    Blackmoorfioot 

^  ttaekmoorfoot 
$*r^   (Haddersfield 

^^SjjBndge  Reaerroir 
^"hwy^snd  fleck- 
^=«^»>ke  Wsterworks). 


Acid 

Acid 

•* 

N 

W 

Acid 

M 

M 

- 

M 

» 

M 

M 

M 

- 

M 

« 

*• 

M 

M 

» 

M 

it 

*► 

W 

n 

W 

M 

M 

- 

- 

m 

f» 

Trace 
acid. 

?  neutral 


Add 


Trace 
acid. 


0*80 
0*86 


Faint 
acid. 


0*36 

0*80 

0-M 

0*48 

0-36 

0*84 

7-68 

0'78 
1-06 
0-46 

0-66 
0*42 

0-66 

0-86 


0-80 

0-12 

0-86 

0-12 

8-40 

360 

0-36 

0-24 

0-36 

0-24 

0-64 

0*30 

0*42 

0-80 

0-42 

0-80 

0-84 

0-72 

7-02 

7-68 

0-72 

0-60 

108 

1-02 

0-48 

0-24 

0-66 

0*64 

0-42 

0*86 

0-60 

0-60 

0-80 

0-18 

March    4th    to 
April  8rd,  1896. 

March    4th    to 
April  3rd,  1896. 

March    9th    to 
April  8rd,  1886. 


Maach  11th  ta 
April  8rd.  1896. 

March  13th  to 
April  7th,  1896. 

March  13th  to 
April  7th,  1896. 

March  17th  to 
April  13th,1896. 

March  17th  to 
April  13tha896. 

March  dOth  to 
April  13th,1896. 

March  Slst  to 
April  18lh.l896. 

April  Srd  to 
April  18tha896. 

April  8rd  to 
April  18th.l896. 

April  7ih  to 
April  13th,1896. 

April  Srd  to 
April  18th,1896. 

April  7th  to 
April  18th,1886. 

April  7th  to 
April  ]8tb,1896. 

April  9th  to 
April  14tha896. 
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It  will  be  seen  that  the  geaeral  results  showed  that  keeping  acid 
moorland  waters  in  completely  filled  and  stoppered  bottles  led  to  little 
or  no  loss  of  the  iuitial  acidity,  but  that  when  the  waters  were  Bt<»ed  in 
partially  filled  and  unstoppered  bottles  an  appreciable  loss  of  acidity 
usually  occurred. 

The  following  two  tables  (CXX.  and  CXXI.)  show  the  results  aa 
regards  acidity  of  boiling  Mossley  water  and  of  boiling  (and  also  of 
aerating)  Settle  Peat  Pool  water : — 

Table  CXX. 

Showing  the  Amount  of  the  Aciditt  in  Mossley  Main  Watbu  and 
the  Effect,  as  regards  Acidity,  of  boiling  the  Water  for  \  Hoar 
and  making  up  to  the  Original  Amount  with  a  Neutral 
Distilled  Water. 


Description  o(  the  Sample  of  Water. 

Result  steted  as 
cc.  j^  Na«COs  required 

to  neutralise  100  c.c. 
of  the  Water. 

Peroentacpe  of 

Reduction  of 

Acidi^. 

1 

Acidity. 

Acidity 
after 
Boilinff. 

12 

18 

Mossley  main  water,  November  2,1898   - 
10.    „     . 

M                         »•                        »»                                »»                    Ift           M 

20.     ..      . 
f*           ••           M              •>         27i     »>     - 
M          ..          ,.     December  4,     „     - 

14.          «            • 

20,     „      - 
„         .,          ,.     Januaiy  2.1894 

..       10.   .. 

.        18,    „ 
tt          »»           •»            »»        26,    M 

0-54 
0*42 
0-40 
0-50 
0*60 
0-24 
0-70 
0*36 
0-86 
0*80 
0*86 
0-80 
0*80 

0*24 
0-24 
0-80 
0*40 
0*40 
018 
O'W 
0-20 

0*24 
0*00 
0*12 
0*20 

65  per  cent. 
48       , 

26       .. 
20       ,. 
M       .. 
26       ^ 
28       ,. 
*4       .. 
88       « 
26       M 
100       » 

66  ^ 
88       .. 

Table  CXXI. 

Showing  the  Effect  as  regards  Acidity  (a)  of  Boiling  and  (d) 
Aeration  of  Water  obtained  from  "  Settle  Peat  Pool." 


D3scription  of  the  Sample  of  Water. 

Acidity  in  t.  rins  of  r.c.  ^Na^Coi  required 
to  neutralise  100  c.c,  of  the  Water. 

^ 

Na^  'rnl 
Acidty. 

Afltr 

r.;;.si  jrthe 

TfiafM'raturc 

oi  the  Water 

to  Boiling 

Point. 

After 

aspirating 

Air  throngn 

the  Water 

fbrhalf 

hour. 

1 

2 
8 

Settle  l»eat  Po  j1  water,  January  22, 1894  - 

January  29. 1804  - 

„          „            „         January  80, 1894  - 

0-90 
1-08 
0*48 

0*60 
0*72 
012 

0*72 
0*18 
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The  results  in  general  showed  that  boiling  usually  materially  reduced, 
bat  did  not  remove,  the  acidity  of  Mossley  and  Settle  Peat  Pool  waters. 
Aspiration  of  air  through  Settle  Peat  Pool  water  reduced  its  acidity  to  a 
ooDsiderable  extent. 

In  the  following  table  (Table  CXXII.)  the  relation  between  the 
amonnt  of  the  acidity  and  dissolved  ozygen  in  the  water  of  Settle  Peat 
Pool  when  stored — (a)  in  completely  filled  and  stoppered  bottles  and 
{b)  in  partially  filled  and  unstoppered  bottles  is  shown : — 


Tablb  CXXII. 

Shoving  the  Bklation  between  the  Amount  of  the  Acidity  and 
Dissolved  Oxyqen  in  the  Water  of  "  Settle  Peat  Pool." 


Description  of  the 
Eiperiment. 

Dissolved  Oxygen. 

Acidity. 

Eesnlts  stated  as  Farts  per 
100.000. 

H«sults  stated  c.c.  ~  Na,CO, 

needed  to  neutralise  100  c.c.  of 
the  Water. 

A. 

B. 

0. 

D. 

B. 

F. 

M 

Original 
Amount. 

After 

being  kept 

for  some 

Time  in 

completely 

filled  and 

After 
being  kept 
for  some 
Time  in 
partiaUy 
filled  and 
Unstop- 
pered 
Siottles. 

Original 
Amount 

After 

being  kept 

for  some 

Time  in 

completely 

flUed  and 

After 

beiug  kept 

for  some 

Time  in 

Snedand 
Unstm>« 

BottiM. 

Settle  Peat  Pool : 
A..      D..      tested 

January  30^894; 
B„C.,B.,  P..  tested 

FebruaiTlO.lSM 

(lldaysy 

Settle  Peat  Pool: 
A,  D..  tested  Feb- 

February  12. 18M 
(9  days). 

Settle  Peat  Pool: 
A..  I).,  tested  Fob- 

niaryS,  ISM; 
B,C.,E.,  P..  tested 
February  11. 1894 
(edaysj. 

Settle  Peat  Pool: 
A..  D.,  tested  Feb- 

B..C..fe,P^  tested 

Febnunr2il884 

Settle  Peat  Pool: 
A.,  D.,  tested  Feb. 

FebruJiry  £8,1894 
(4dvs). 

1-86 
1-84 
1*28 
0-88 
1*10 

1-87 
1-17 
1-17 
0-74 

1-22 
1-20 
1-22 
1-26 

1*85 

1 

0*48 
9-36 
0-36 
0*84 

0-dO 

0-42 
0*38 

0-84 
0-60 

0-86 
0*24 
0-24 
0-48 

0-48 

1 
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Tabu  CXXIL— eon<mu«<f. 


Description  of  the 
Experiment. 

Dissolved  Oxygen. 

Acidity. 

Semilts  stated  aa  Parte  per 
100,000. 

Beralts  stated  c.c.  ~  Na^CX). 

needed  to  neutralise  100  ex.  of 
the  Water. 

A. 

B. 

0. 

D.      1        E. 

P. 

1 

Original 
Amount. 

After 
being  kept 
fbrsome 
Time  in 
completely 
filled  and 

After 

being  kept 

for  some 

Time  in 

£l^% 
Unstop- 
jwred 
Bottles. 

After 

being  kept 

for  some 

Original.    Time  in 

Amount  completely 

filled  and 

After 

being  kept 

for  some 

Time  in 

£lSdi^ 

6 
7 
8 

9 
10 

Settle  Peat  Pool: 
A.,  D..  tested  Feb- 

B.!a!i.!F.!telted 
March    6,    1894 
(6  days). 

Settle  Peat  Pool: 

B.M!e.>..  tested 
March     8»     1894 
(6  days). 

Settle  Peat  Pool: 
A.,  D.,  tested  March 

9,1894; 
B..O..E..  P.,  tested 

March    18,    1894 

(9  days). 

Settle  Pteat  Pool : 
A.,  D.,  tested  March 

19  1894; 
B..C..B.,  P.,  tested 

March    81,    1894 

(12  days). 

Settle  Peat  Pool: 
A.,  D..  tested  June 

6,1894; 
B..C..B..P,  tested 

June  9,  1894  (4 

days). 

1-01 
1-11 
1-08 
0-96 
1*15 

0*94 
0-90 

rof 

0-93 
0*98 

1*10 

1*13 
1*11 
1*06 

OflO 
0*00 
0*60 
0*66 
0*48 

0-60 
0*64 
0*60 
0*66 
0*48 

0*48 
0-48 
0-96 
0*24 
0*80 

The  results  seem  to  indicate  that,  whereas  the  acidity  of  the  water 
remained  practically  unaltered  when  the  water  was  stored  in  completely 
filled  and  stoppered  bottles,  the  acidity  was  reduced  to  a  considerable 
extent  when  the  water  was  kept  in  partially  filled  and  nnstoppered 
bottles,  the  amount  of  dissolved  oxygen  being  usually  slightly  reduced 
under  the  first  set  of  conditions  and,  if  anything,  increased  under  the 
latter  set  of  conditions. 

The  following  table  (CXXIII.)  is  important,  because  it  shows  the 
effect,  as  regards  acidity,  of  keeping  certain  acid  moorland  waters,  after 
neutralieation  with  sodium  carbonate — (a)  in  stoppered  bottles  with  an 
air  space,  (b)  in  nnstoppered  bottles,  and  (c)  in  completely  filled  and 
stoppered  bottles  :— 
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Table  CXXIII. 

Showing  the  Effect,  as  regards  Aciditt,  of  keeping  certaia  Aoid 
Moorland  Waters,  after  Neutralisation  with  Sodium 
Carbonate — (a)  in  Stoppered  Bottles  with  an  Air  Space, 
(6)  in  Unstoppered  Bottles,  and  (c)  in  Completely  Filled 
and  Stoppered  Bottles. 


^ 

Description  of  the  Sample  of 
Water. 

The 
Water  was 
neutralised 

with 

l^NatCO,. 

the  Indi- 
cator used 
being 

The  Water 
was  kept  for 
some  Time  in 

The 

Reaction 

rfthe 

Water 

was 

tested 

after  the 

lapse  of 

Remarks. 

1 

July  S.18M^Shiple  J  water     • 

Phenol, 
phtbalein. 

Stoppered 

bottle  {rith  an 

airspace. 

^- 

100  0.0.  of  the  water 
required    0*18 

^Na,CO,togiTe 

July  4,  ISM^Moasl^  water    ■ 

" 

w 

19 

pink  colour  with 
phenol,  phtbalein. 
Neutral    naction 
withlacmoid. 

M                           »» 

Jttlj  9, 18H  Shipley  water     • 

•* 

M 

19 

»                           f» 

Jn]y  10.  ISHMossley  water  - 

»» 

M 

18 

•  1                          H 

July  16, 18K  Shipkqr  water  • 

t. 

»» 

16 

•»                           f» 

July  17.  ISHMoesley  water  . 

M 

H 

14 

«*                         M 

July  2S.1694.  Shipley  water    > 

M 

M 

16 

«                  n 

July  84w  1884.  Moesley  water  - 

W 

16 

M                             W 

July  80. 18M.Shipl^  water   • 

.. 

•• 

9 

M                           W 

10 

July  SL 1894^  Mossley  water  - 

•» 

M 

8 

••                           *» 

11 

August  e.  1894.  Shipley  water  • 

W 

M 

9 

M                           f» 

u 

August  7. 1884,  Moesl^  water 

.» 

8 

•»                           W 

IS 
14 

November  19.  1894.   Shipley 
water. 

NoTember  Ifi,  1894.  Ardsley 

water. 
Norembei   90.  1894.  Shipley 

NoTember  26.  1894.   Shipley 

water. 
December    3.    1894    Shipley 

water. 
December  10,    1894.  Shipley 
water. 
December  17,  1884.    Shipley 

water. 

Methyl- 
orange. 

»» 

Stoppered 

boUIewithan 

airspace. 

w 

63 
00 

Neutral  reaction 
with  methvl- 

M                            » 

15 
16 
17 

w 

M 

66 

49 
48 

U                           M 
M                           W 

18 
1» 

w 
ft 

M 
•1 

86 
88 

»                            1» 
W                            l» 

n. 

December    8,   1884.    Shipley 
water. 

December  10.   1894.   Shipl^ 

water. 
December  17.   1894.   Shipley 

water. 

Completely 
tilled  and  stop- 
pered bottle. 

M 

48 
86 

N                          .» 

a 

*• 

•• 

88 

M                           N 

It  will  be  seen  that  acid  moorland  waters,  after  neutralisation  with 
Bodiam  carbonate,  do  not  become  acid  again,  when  stored  for  con- 
siderable periods — (a)  in  stoppered  bottles  with  an  air  space,  (b)  in 
unstoppered  bottles  and  (c)  in  completely  filled  and  stoppered  bottles. 
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In  the  following  table  (CXXIV.)  the  results,  as  regards  aciditj,  of 
the  distillation  of  certain  acid  moorland  waters  are  shown : — 


Table  CXXIV. 

Showing  the  Results,  as  regards  Acidity,  of  the  Distillation  of 
certain  Acid  Moorland  Watebs. 


Date. 


Not.  13 
Nov.  19 
Not.  26 


Description  of  the  Experiment. 


1S94.     . 
Oct.  29      -  <  From  1,000  c.c.  of  Bhiploy  waier  500  c.c.  were  distilled  into  1  co.^  Na»00t. 

I      Alkalinity  didtilUto  (600  c.c.)  =  1  cc.^H^O*.    Therefore  no  loss  of 

alkalbiity  in  distillate.  Acidity  ri^sidae  (500  c.c.)  =2*0  £QNa«COs.  Acidity 
£00  c.c.  Shipley  water  =  1  '0  -^XasCOs.  Therefore  no  loss  of  acidity  in 
residue.    Methyl-orange  used  as  indicator. 

Oct.  80      .     From  1,000  c.c.  of  Shipley  water  500  c.c.  were  distilled  into  1  cc— XsaCOs. 

Alkalinity  distillate  (500  c.o.)  =1  cc.^HsSO*.     Therefore  no  loss  of 

alkalinity  in  distillate.  Acidity  residue  (500  cc.)  ^i'Dj^Na^Os.  Acidity 

500  c.c.  Shipley  water  =  I'Oj^QNsaCOj.  Therefore  no  loss  of  acidity  in 
residue.    Methyl-orange  used  as  indicator. 

Not.  5  -  From  1,000  c.c  of  Shipley  water  500  c.c.  were  distilled  into  1  cc^^  NajiCOj. 
Alkalinity  distillate  (500  cc)  =  1  c.c.  ^HaS04.  Therefore  no  loss  of 
alkalinity  in  distillate.  Acidity  residue  (500  cc)  sS'Oj^Na^COa.  Acidity 
600  cc.  Shipley  water  =  I'O^Na^OOt.  Therefore  no  lots  of  acidity  in 
residue.    Methyl-orange  used  as  indicator. 

Nov.  8      •    From  1,000  cc.  of  Ringstone  Besenroir  water  500  cc  were  distilled  into 

1  c.c.j^Na,CO|.    Alkalinity  distillate  (500  cc)  =  1  cc^  H>80«.    There- 

w 
fore  no  loss  of  alkalinity  in  distillate.    Acidity  residue  (600  c.c)  s=  I'^^q 

NaaCX)^.    Acidity  500  cc.  lUngstone  water  =  1*0  ^QNatCOt.    Therefore 
loss  of  acidity  in  residue.    Methyl-orange  used  as  indicator. 
Shipley  water.    Same  results  as  in  Experiment  1. 


From  1,000  cc.  of  Shipley  water  500  cc  were  distilled  into  1  cc-^NagCOa. 

Alkalinity  distUlate  (500  cc)  =  1  cc  j^H^SO*.    Therefore  no  lots  of 

alkalinity   in  distillate    Acidity  residue   (500  cc.)  =  ^"^^^  NatOQ» 

Acidity  600  cc    Shipley  water  =  1  '0  Jq  NaiCOs-    Therefore  slight  lots  of 
acidity  in  residue.    Methyl-orange  used  as  indicator. 


It  is  to  be  noted  that  Shipley  water  ou  distillation  yielded  no  appre- 
ciable acidity  to  its  distillate,  and  the  residual  water  was  neaily  always 
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as  acid  as  might  have  been  anticipated  from  the  degree  of  its  concen- 
tration. Ringstone  Reservoir  water,  on  boiling,  lost  some  of  its  original 
acidity,  but  did  not  yield  acid  in  its  distillate. 

At  this  sts^e,  a  brief  summary  of  the  foregoing  results  may  not  be 
OQt  of  place.  Both  boiling  and  aerating  acid  moorland  waters  usually 
had  the  effect  of  reducing  the  initial  acidity.  But  some  waters  were 
practically  unaffected  by  treatment  of  thin  sort.  With  these. waters, 
indeed,  concentration  by  boiling  usually  increased  their  acidity  to  an 
extent  roughly  corresponding  to  the  degree  of  concentration  of  the 
water.  Keeping  acid  moorland  waters  for  differing  periods  of  time^=^ 
(a)  in  bottles  completely  filled  and  stoppered  and  (b)  in  bottles  only 
partially  filled  and  not  stoppered,  never  gave  rise  to  any  increase  of  acidity. 
Under  (a)  set  of  conditions  there  was  usually  a  slight  loss  of  acidity, 
but  under  (6)  set  of  conditions  the  diminution  of  the  acidity  originally 
observed  was  much  more  pronounced.  Nevertheless,  some  waters  were 
not  affected,  or  affected  to  a  hardly  appreciable  extent,  by  storage  for 
a  considerable  period  of  time,  either  under  (a)  or  (6)  set  of  conditions. 

There  was  never  any  re-development  of  acidity  in  the  case  of  waters 
neutraltfied  with  sodium  carbonate  and  kept  in  bottles  under  different 
conditions  of  exposure  to  air  for  differing  perio<ls  of  time. 

It  Is  convenient  in  the  next  place  to  consider  a  series  of  tables  dealing 
with  the  effect,  as  regards  acidity,  of  adding  to  various  waters  measured 
quantities  of  "  peat  ash,*'  «<  iron  ore,"  ferrous  sulphide,  marcasite,  iron 
pyrites,  sandstone,  and  shale. 


Table  CXXV, 
Showing  the  Result  of  certain  Experiments  with  Peat  Ash. 


I   Acidity 
in  Termg 
I    ofcc. 
Re-     in  „    _^ 
action    iQ^^aaCOs 
with      required 
Lac-       toneu-  | 
'"""'        traliso 
lOOccof 

the 
Filtrate. 


D»t«. 


Description  of  the  Experiment. 


Iron. 


1896. 
Aug.  21 


Sept.  12 


Sept.  20 


10  gmu.    Hudderafield    peat    ii^nited  in 

Slatinum  cmcible.  Resiaue  washed  with 
istilled  water  (which  had  preriously 
been  boiled,  and  which  was  neutral  in 
ruction)  and  filtered.  The  filtrate  (100 
cc)  was  tested  for  acidity  and  presence  or 
absence  of  iron. 


20  grms.  Halifax  peat  treated  as  in  Experi- 
ment 1. 


Same  as   Experiment  2,   but   a  difTerent 
sample  of  llnlifax  peat. 


Neutral 


Neutral 


Neutral 


0-12 


0-12 


0-12 


No  iron  in 
filtrate,  but 
present  in 

in  large 
quantity  in 

residue. 


?  Trace  of 

iron  in 

filtrate ; 

abundant  in 

residue. 


?  Trace  of 

iron  in 

filtrate; 

abundant  in 

residue. 
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Table  CXXVL 

Showing  the  Besult,  aa  regards  Acidity,  of  the  addition  of  Pbat 
Ash  to  certain  Waters. 


Addity 

in  Terms 

of  C.O. 

J 

Re- 
action 

fljN.^ 

Deicription  of  Bxperiment. 

with 

required 

Bemarks. 

fl 

Lac- 

to  neu- 

1 

moid. 

tralise 
100  CO.  of 

the 
Filtrate. 

I. 

JannMT  26th.  1896:— 

(a.)   200    C.C.    dirtilled   witer    +  O'l    «/«. 
Beetle  peat  ash  in  ftoppered  bottle  with 

Neutral 

0-12 

The  peat  was 
obtamed     fW>m 

large  air  space.   After  one  day.  siphoned 
oft    and  tested  for    acidity.     Control 
experiment. 

moorland  in  the 

sr^T*-^ 

(6.)  Same  as  (a),  but  88  days  allowed  to 

If 

0-12 

The  ash  was  ob> 

elapse. 

tained  by  fully 
igniting  the  peat 

in  a    platinum 

cmdble. 

II. 

January  25th,  1896:- 
(a.)  Same  aa  (a).  Experiment  I.,  but  rain- 
water used  instead  of  distilled  water. 

Neutral 

0*12 

(d.)  Same  as   (a),  but  88  days  aUowed  to 
•lapse. 

a* 

0-12 

III. 

January  26th.  1896  ^~ 
(a.)  Same  as  (a),  Experiment  I.,  but  Shipley 
water  used  instead  of  distilled  water. 

Add 

0*64 

Shipley  water  is 

an  examnle  of  a 
moorland  water 

(d.)  Same  as  (a),  but  88  days  allowed  to 

M 

0*64 

elapse. 

with  an  acid 
reaction. 

The  results  show  that  peat  ash  is  nentral,  aud  that  its  addition  to 
neutral  distilled  water  and  rain-water  does  not  lead  to  the  production  of 
anj  acidity  ;  further,  that  the  addition  of  peat  ash  to  an  acid  moorland 
water  does  not  result  in  any  increase  of  the  initial  acidity. 

In  the  following  table  (Table  CXXYII.)  the  results,  as  regards 
acidity  and  plumbo-solvency,  of  certain  experiments  with  sulphide  of 
iron  (FeS)  are  shown  : — 
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It  will  be  noted  that,  under  the  conditions  of  experiments  specified  in 
the  above  table,  sulphide  of  iron  (FeS)  seemed,  as  regards  production 
of  acid,  to  have  no  material  influence.  A  very  different  result,  however^ 
was  obtained  with  iron  pyrites  (FeS|),  as  will  presently  be  shown. 

Table  CXXVIII.  shows  the  effect,  as  regards  acidity,  of  adding 
measured  quantities  of  ^'  iron  ore  "  to  various  waters,  and  keeping  for 
differing  periods  of  time  in  stoppered  boltle3  with  air  space. 


Table  CXXVIII. 

Showing  the  Effect,  as  regards  Acidity,  of  adding  Iron  Ore  to  Various 
Waters,  and  keeping  for  varying  Periods  iu  Stoppered  Bottles 
with  Air  Space. 

[The  iron  ore  was  scraped  from  the  surface  of  the  marl  (which  underlies 
the  peat)  in  the  feeders  on  the  Shipley  moorland  gathering  ground.] 


• 

Water 
siphoned 
off  after 

Acidity- 

Reaction 

with 
Lacmoid. 

In  Terms 
of  cc. 

required 

to 
neutralise 

lOOccof 
the  Water. 

June  Oth.  1806:- 
(a.)  Boiled  distilled  water  +  1  ner  cent,  iron  ore 

in  stoppered  bottle  with  small  air  space. 
(6.)  Same  as   {a),  but  no  iron  ore.    (Control 

experiment.) 

June  6th.  1806:— 
Same  at  (a)  (6).  Experiment  i         .          -         - 

June  6th,  189S:— 
(a.)  Boiled  distilled  water  +  1  percent,  iron  oie 

in  stoppered  bottle  with  large  air  space, 
(ft.)  Same  as    (a),  but  no  iron  ore.     (Control 

experiment.) 

June  6th.  1895:- 
8ame  as  (a)  (6),  Experiment  8          -           -       • 

*Add  peat  water,  obtained  in  the  following  way  :- 
1.00OO.C.  boiled  distilled  water  filtered  through 
100  gnns.  Bentham  peat  in  double  musfin 
filter! 

(a.)  100  cc  of  this  acid  water  +  O'l  per  cent,  iron 
ore  in  stoppered  bottle  with  large  air  space. 

(^.)aame  as  (a.),  but  no  iron  ore.  (Control 
experiment.) 

June  10th.  1806:— 
Same  as  (a)  (6),  Experiment  3         .... 

June  10th,  1895:— 
Sa  Jio  as  (a)  (6).  Experiment  3        -          -          • 

June  10th.  1895:- 
Same  as  (a)  {b).  Experiment  1        •      •     -•      • 

15 
6 

15 

19 

16 
16 

16 

1 

(a.)  Acid 
(6.)  Neutral 

(a.)  Acid 
(6.)  Neatral 

(a.)  Faintly 

acid. 
(6.)  Neutral 

(a.)  Faintly 

acid. 
(6.)  Neutral 

(a.)  Acid 
(&.)  Acid 

(a.)  Faintly 

acid. 
(6.)  Neutral 

(a.)  Acid 
(6.)  Neatral 

(a.)  Acid 
(6.)  Neutral 

0*84 
0-06 

0-38 
006 

0-18 
00ft 

0-18 
0-08 

0-84 

o*a» 

0-2O 

006 

0-84 
006 

0'a4 

0-08 
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Table  CXXVUI continued. 


Water 

Acidity- 

InTenns 

OfCdC. 

■^ 

siphoned 

BcMTtion 

^N%OQ. 

1 

off  after 

with 
Lacmoid. 

rsqiiivBd 

to 
neutralise 
100  CO.  of 
tbeWater. 

9 

June  10th,  1805:— 
8ame  m  (a)  {b)»  Ezperiment  1        -         •          - 

"r 

(a.)  Add 
(6.)  Neutcal 

0-80 
0-06 

10 

June  ISih.  1806:- 
(a.)  MosBley  witter  (which  is  acid  in  rwction) 

large  air  space. 
(b,)  same  as   (a),  but  no    iron  ore.    (Control 
experiment.) 

17 

(a.)  Faintly 

OM 

ib.)  PAdd 

0-18 

11 

June  12th.  1895:— 
SaDie  as  (a)     (6),  experiment  10,  but  Shipley 
M  ater  (which  has  acid  reaction). 

17 

(a.)  Add 
(6.)  Acid 

0T8 
0-71 

IS 

June  26th.  1895  :— 
Same  as  (a)  (b).  Experiment  10  - 

30 

(a.)  ?  Add 
(6.)  P  Acid 

0*» 
0-L2 

18 

June  26th.  1895:- 
Same  as  (a)  (6).  Experiment  U  •                   •       - 

80 

(a.)  Acid 
(6.)  Add 

060 
0-06 

14 

July  3rd,  1805:- 
Same  as  (a)  (6),  Experiment  18        -         -          • 

61 

(a.)  Aoid 
(6.)  Acid 

0-71 
0-06 

16 

July  ard,  1805:- 
Sameas  (a)  (b).  Experiment  10 

61 

(a.)  P  Add 
(6.)  Neutral 

0*18 
0-12 

16 

July  nth.  1895:— 
(a.)  100  C.C.  Shipley  water  (which  has  acid  re- 

action)   +  O'l  per  cent,  iron  ore  in  stoppered 

bottle  with  small  air  space. 
(6.)  Same  as  (6),  but  no  iron  ore. 

200 

(a.)  Add 
(6.)  Acid 

0-66 
0-60 

17 

July  nth.  1806:— 
Same  as  (a)   (b).  Experiment  le,  but  Mossley 
water. 

200 

(a.)  Acid 

(6.)  ?  Trace 

acid. 

012 
012 

The  so-called  "  iron  ore,"  which  was  scraped  from  the  surface  of  the 
marl  underlying  the  peat  on  the  Shipley  moorland  gathering  ground, 
conferred  on  neutral  distilled  water  a  slightly  acid  reaction,  but  did  not 
increase  the  acidity  of  acid  moorland  waters  to  any  very  appreciable 
extent,  moreover,  there  was  no  indication  of  such  "  iron  ore  "  having  any 
power  of  progressively  increasing  the  acidity  of  moorland  waiiei-s,  even 
when  the  mixture  of  *'  iron  ore  "  and  water  was  kept  for  long  periods. 
The  results  as  a  whole  seem  to  indicate  that  the  samples  of  *^  iron  ore  '* 
(so-called)  used  in  the  experiments  had  no  matenal  influence  as  regards 
acid  production  ;  and  that  the  presence  of  this  substance  in  the  marl 
underlying  the  peat  could  have  no  real  influence  on  the  production  of 
acidity  in  moorland  waters. 

Table  CXXIX.,  dealing  with  the  effect,  as  regards  acidity  and 
plumbo-solvency,  of  adding  peat  (with  and  without  iron  ore  and  peat 
iron  ore)  to  distilled  water^  and  keeping  for  varying  periods  in  stoppered 
bottles  with  air  space,  confirms  the  above  results. 
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It  will  be  seen  that  the  addition  of  the  iron  ore  and  peat  iron  ore  to 
the  peat  did  not  confer  on  the  peat  an  additional  power  of  rendering 
nentral  water  acid  and  did  not  increaie  the  soWent  action  of  the  water 
on  lead. 

In  the  following  table' (Table  CXXX.)  the  result^  as  r^ards  acidiijfV 
of  certain  experiments  in  which  distilled  water  and  rain-water  were 
mixed  with  marcasit^,  iron  pjrites,  sandstone,  shale,  and  "  bog  iron  ore '' 
are  shown : — 

Table  CXXX. 


Showing  the  Bbsult,  as  regards  Aciditt,  of  certain  ExpfiKiMENTS  in 
which  Distilled  Water  and  Rain-water  were  mixed  with  one  of 
the  foUowing  Substances : — Marcasite  (FeS2)  ;  Iron  Pyrites  (FeSa)  f 
Sandstone ;  Shale ;  and  "  Bog  Iron  Ore." 


Ko. 


Description  of  the  Experiment. 


Acidity. 

Reaction 

with 
Lacmoid. 

In  Terms 

of  C.C. 

15^8.00, 

required 
to  neu- 
tralise 
100  C.C  of 
theWater. 

Rente  rks. 

f ehruary  19tb,  1896 :—  I  I  | 

(a.).  Seo  o.c.  boiled  dJatilled  water   (a.)  P  Trace    (a.)  0*24 

(neutral)  +0*5  per  cent,  powdered  .       acid. 

marcasite  (FeSt)  in  stoppered  bottle  ' 

with  large  air  sptce.   After  one 

d^  water  siphoaed  off  and  tested  '  ' 

for  acidity.    Control  experiment. 
(6.)  Same  as  (a),  but  the  water  was   (6.)  Acid    -    (6.)  2*16 

kept  until  March  25th,  1896.  before 

bemgtested. 

February  19th,  1896:—  i 

(a.)  200  CO.  rain-water  +  0*6  per  l(a.)Neutra]    (a.)  0*36 

cent,  powdered  marcasite  (FeSt)  * 

in  stoppered  bottle  with  large  air  , 

space.      After     one    d^   water  | 

siphoned  oft  and  tested  for  acidity,  i 

Control  experiment. 
(6.)  Samea8(a).Bxperim«>nt2.  The   {b,)  Acid    -    (6.)  1*42 

water  was  kept  until  March  25tli,  ' 

1896,  before  being  tested. 


February  19th.  1806:—  I 

(a.)  200  c.c.  boiled   distilled  water  i  (a.)  Neutral    (a.)0'18 

(neutral)  +  0*6  per  cent,  powdered  '  I 

feiruginous  sandstone  in  stoppered  i 

bottle  with  large  air  space.    After  , 

one  6.9S  water   siphoned  off  and  I  > 

tested  lor  acidity.   Control  experi-  . 

ment.  1  ! 

(6.)  Same  as  (a),  Experiment  3.  The   (b.)  Neutral ;  (6.)  016 

water  was  kept  until  March  2  jtb, 

1896,  before  being  tested. 


February  19th,  1896  :— 
(a.)  200  ao.   rain-water  +  0'6  per   (a.)  Neutral    (a.)  0*24 

cent,  powdered  ferrunnous  sand- 
stone in  stoppered   bottle    with 

large  air  space.    After  one  day 

water  siphoned  off  and  tested  for 

acidity.    (Toiitrol  experiment. 
(6.)  ftune  as  (a).  Experiment  4.  The   (6.)  Neutral    (6.)  0*24 

water  was  kept  until  March  25th, 

1896,  before  being  tested.  i 


Unless  otherwise  stated> 
phenol  -  phthalein  was 
used  as  indicator  In 
estimating  the  amount  of 
the  acidiiy  in  all  the 
experiments. 


Marcasite  is  baid  to  be  mor» 
easily  oxidised  than  iron 
pyrites. 


The  feiTuginouM  sandstone 
was  obtained  fh>m  moor- 
land near  Slaidbnm. 


Q  2 
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Table  CXXX.— continued. 


Ko. 


Dwonption  of  the  Sxperiment. 


Acidity. 


Reaction 

with 
Lacmoid. 


In  Term! 
of  ox. 

required 
to  neu- 
tralise 

100  C.C  of 

theWater. 


Remarks. 


10 


March  6th.  1806  :— 
(a.)  SOO  c.e.  boUed  distilled  water   (a.)  Neutral 

(neutral)  +  1  per  cent,  powdered 

iron  pyrites  (FeSt)  in  stoppered 

bottle  with  large  air  space.    After 

one  day  water  siphoned  oft  and 

tested   for  acidity.    Control  ex- 
periment. 
(6.)  Bameas  (a),  Experiment  8.  The   (6.)  Acid    - 

water  was  kept  until  April  14th. 

1806,  before  being  tested. 

March  6th.  1890:— 
(a.)  200  CO.   rain-water  +   1  per    (a.) Neutral 

oent.  powdered  iron  pyrites  (PeSi) 

in  stoppered  bottle  with  larji^  air 

space.      After     one    day     water 

siphoned  off  and  tested  (or  acidity. 

Control  experiment. 
(6.)  Same  as  (a).  Experiment  6.  The  '(6.)  Acid 

water  was  kept  until  April  Uth. 

1896,  before  being  tested. 

March  Bth.  1896:— 
(a.)  200  c.c.  boiled  distilled  water   (a.)  ?  Trace 

(neutral)  +  1  per  rent,  powdered  aoid 

shale  in  stoppered    bottle  with 

large  air  space.     After  one  day 

water  siphoned  off  and  tested  for 

acidity.    Control  experiment. 
(b.)  Baroe  as  (a). Experiment  7.  The   (b.)  Neutral 

water  was  kept  until  April  14th. 

1896,  before  being  tested. 

March  6th.  1896  :— 
(a.)  200  CO.    rain  -  water  +  1    per   (a.)  ?  Trace 

oent.    powdered  shale    in    stop-         acid< 

pered  bottle  with  largo  air  space. 

After  one  day  water  siphoned  off 

and  tested  for  acidity.     Control 

experiment. 
(5.)  Same  as  (a).  Experiment  8.  The     (b.)  ?  Trace 

water  was  kept  until  April  14th,  acid, 

1896,  before  being  tested. 

March  14th.  1896  :- 
(a.)  100  ex.  boiled  distilled  water,   (a.)  Acid    - 

(neutral)  +  1  percent,  powdered 

marcasite  in  stoppered  bottle  with 

large  air  space.     After  one  day 

water  siphoned  off  and  tested  for 

acidity. 
(6)  Same  as  (a.).  Experiment  0,  but    (6.)  Acid 

the  water  and  marcasite  h<>ated  in 

a  steam  steriliser  to  100^  C.  for 

three  hours.    After  one  day  water 

siphoned  off  and  tested  for  acidity.  I 
(c.)  1  grm.  marcasite  heated  in  a   (c)  Acid    - 

steim  steriliser  to  100°  C.  tr  three 

hours,  then  100  cc.  distilled  water 

added.     After   one    di^     water 

siphoned  off  and  tested  for  acidity. 

March  14th,  1896  :— 
(a.)  Same  as  (a),  Experiment  9,  but   (a.)  Trace 

poM'derrd  sliale   usted  insteud  of  acid. 

marcasite. 
(6.)  Same  as  (6),  Experiment  9.  but    (6.)  Trace 

powdered  shale  used  instead  of         acid. 

marcasite. 
(c)  Same  as  (c) .  Experiment  9.  but   (c.)  Trace 

powdered  smile  used  instead  of         acid. 

marcasite. 


(a.)  0-18 


(6.)  6-76 


(a.)  0-24 


(ft.)  8-36 


(o.)  0-18 


(6.)  0-12 


(a.)  0-24 


(6.)  OM 


(a.)  0-72 


(6.)  0-72 


(c)  0-48 


(a.)  0-80 


In  6  (6)  the  end  reaetiim 
wasobsoure.  TMtedwith 
methyl-orange  aa  indi- 
cator instead  of  with 
phenol  -  phthalein,  the 
result     was     2*04     cc. 


10 


Na,CO». 


In  5  (6)  the  end  reaction 
was  obscure.  Tested  with 
methyl-orange  the  remit 
waa  0*96,  as  compared 

with  3*36  cc.  |;|^NatOOa 

with  phenol  -  phthalein 
as  indicator. 


The  sample  of  shale  used  in 
Expenments  7  8.  and  10 
contained  a  large  pro- 
portion of  iron.  The 
shale  was  obtained  from 
moorland  near  Slaid- 
bum. 


(6.)  0-36 


(r.)  0-30 
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Table  CXXX.— continued. 


Description  of  the  Experiment. 

Acidity. 

Na 

Reaction 

with 
Lacmoid. 

In  Terms 

of  0.0. 

required 
to  neu- 
tralise 

lOOccof 
theWater. 

Remarks. 

11 
U 

IS 

April  9th,  1896:- 
(a.)  1  gnn-  powdered  marcaidte  in 
stoppered  bottle  with  large  air 

{b.    Same  as  (a).  Experiment  11.  but 

with  distilled  water. 

On  April  asth,  100  o.c.  boUed 
distilled  water  added  to  (a)  and 
(6).    The  followinird^  the  water 
was   carefully  siphoned  ofT  and 
tested  Ibr  acidity. 

May  8rd,  1896:- 
(a.)  100  ex.  boUed  distilled  water 
(neutral)  +  1  per  cent,  powdered 
"boK   iron    ore"    in    stoppered 
botUe  with  large  air  space.    After 
one  d&jr  w.iter  siphoned  off  and 
tertedfbr acidity.  Control experi- 

(6.)  Ssmeas  (a),  Experiment  12.  The 

water  was  kept  until  May  SOth, 

1896.  before  bebff  tested, 
(e.)  Same  as  (a).  Experiment  12.  The 

water  was  kept  until  June  17th, 

1886,  before  bemg  tested. 

May  Srd,  1896:- 
(a.)  Same  as  (a).  Experiment  12.  but 

rain-water  used  instead  of  distilled 

water. 
(6.)  Same  as  (6),  Experiment  12,  but 

water. 
ie.)  Sdne  as  (e).  Experiment  12,  but 
ndn-water  used  instead  of  distiUed 
water. 

(a.)  ?  Trace 
acid. 

(6.)  Acid    - 

(a.)Slightly 
acid. 

(6.)  Slightly 
(<?.)8lijhtly 

(a.)  ?  Trace 
acid. 

(6.)  Neutral 
(c.)  Neutral 

(a.)  0-12 
(6.)  0-48 

(a.)  0-48 

(6.)  0-30 
(<?.)  0-30 

(a.)  0-48 
(6.)  0-18 
(e,)  0-18 

ore "  was  a  deposit  of 
iron  in  and  under  the 
the  peat,  and  was  ob- 
tained from  the  Oldham 
gathering  ground.  It  ap- 
peared to  consist  chiefly 
of    carbonate    of    iroB» 
mixed    with    clay   and 
vegetable  matter. 

In  12  (a)  and  13  (a)  tha 
clay    had    not  cutirelr 
subsided  when  the  water 
was  siphoned  ofL  Hence, 
the  end  action  being  Ob- 
scure,    the    addity  ap- 
peared to  be  greater  than 
was    probably   actually 
the  case. 

The  effect  of  the  addition  of  marcasite  and  iron  pyrites  to  the  waters 
wasy  as  might  have  been  anticipated,  to  confer  on  them,  after  keeping 
for  8ome  time,  stronglj  acid  properties.  As  regards  the  sandstone, 
sbalCy  and  ^^  bog  iron  ore,"  all  of  which  substances  are  commonly  to  be 
fouid  on  moorland  gathering  grounds,  the  result  was  practically 
negative  as  far  as  production  of  acidity  was  concerned. 

By  way  of  summarising  the  above  tables  it  may  be  said  that  peat  ash^ 
sulphide  of  iron  (FeS)»  '*  iron  ore,"  sandstone,  and  shale  appeared  to 
have  little  or  no  influence  in  protlucing  acid;  but  that  marcasite  (FeS|) 
and  iron  pyrites  (FeS,)  are  capable,  by  oxidation  processes,  of  rendering 
neutral  waters  strongly  acid. 

At  this  point,  it  will  not  be  amiss  to  consider  the  results  shown  in 
Table  CXXXI.  The  table  deals  with  the  results,  as  regards  acidity 
and  plumbo-solvency,  of  certain  experiments  with  marcasite  (FeS  ), 
iron  pyrites  (FcSt))  sandstone,  and  shale. 
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Table  CXXXI. 


bhowing  the  Results,  as  regards  Acidity  and  FLUMBO-soLysNCTy  of 
certaia  Experthenis  with  Marcasite  (FeS^),  Iron  Pjriies  (FeS^), 
Sandstone,  and  Shale. 


Deomptionofthe 
Experiment. 


Reaction 

with 
Lacmoid. 


Acidity 

inTerma 

ofcc 

^•.CO, 

required 
toneu- 
txaliw) 

lOOccof 
theWater. 


Action  on  Lead   (Renilta  atated  aa  Farta 

Sr  100,000).  The  action  on  Lead  waa 
ited  by  upward  filtration  throuufiii  W  ouo. 
washed  Lead  Shot  at  the  rato  ofS  mini, 
per  SO  cc. 


1st 
600.C. 

2nd 
60C.C. 

Srd 
50  CO. 

0*1 

0-. 

0*3 

0'« 

0-4 

0*4 

01 

«-2 

0-8 

0-4 

0-8 

0-0 

0-2 

0'4 

0*6 

4th 
60  0.0. 

6ih 
SOoo. 

0-S 

0*4 

0'6 

0-8 

0-8 

0-8 

0'9 

0-9 

0-6 

0*6 

••6 

0-6 

ATerage. 


rc  « 


100  ffrms.  Settle  peit 
in  muslin  1)ag  hung 
outside  laboratory  so 
as  to  be  exposed 
to  atmoapheric  influ- 
ences from  Febnianr 
20th  to  March  26tb, 
1896.  Then  1,000  cc. 
boiled  distilled  water 
(neutral  and  tree 
nom  plumbo-solvent 
ability)  filtered 
slowly  through  the 
peat,  placed  in  a 
mnsiin  filter,  in  a 
funnel. 


Conditions  same  as 
in  Experiment  1,  ex- 
oept  that  1  grin, 
powdered  marcasite 
(FeSi)  first  added  to 
the  peat. 

100  grms.  Settle  neat 
spread  out  in  shal- 
low glass  dish,  and 
ooTcred  with  muslin, 
and  exposed  to  at- 
mospheric influences 
trom  February  20th 
to  April  6th,  1896. 
The  peat  was  then 
placed  in  a  muslin 
filter  in  a  funnel,  and 
1,000  cc  boiled  dis- 
tilled water  (neutral 
and  free  from 
plumbo-solven  t 
ability)  slowly  flltered 
through  the  peat. 

Conditions  same  as  in 
Experiment    S.    but 
1     grm.     powdered 
marcasite  (FeSt)  first  1 
mixed  with  the  peat.  I 

100  grms.  Settle  peat  | 
in  muslin  filter  in 
funnel.  1,000  cc. 
boiled  distilled  water 
(neutral  and  free 
from  phimbo-solvent 
ability)  flltered 
slowly  through  the 
peat.  Februa-y  2l8t, 
1896. 

0}iidit ions  same  as  in 
Isiperimeut  6,  but 
1  ffnn.  powdered 
marcasito  (FeS«)firHt 
mixed  with  the  peat. 


Acid 


0*54 


0-86 


Acid 


Acid 


0-64 


0*30 


0*48 


0*24 


Acid 


Acid 


Acid 


0*42 


0*36 


0-78 


0-4S 


0'3C  0*2    '    0*4    '    0*4 


0*44 
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Table  CXXXI.— c<m/«»M«rf. 


1 

Dawripttouofthe 
Bzperiment. 

Beactipn 

with 
L^CTn<?iH 

Aoidity 

in  Terms 

of  ox. 

i5Na.C0, 

roQuired- 
to  neu- 
tralise 
100  ox.  of 
theWator. 

Action  on  Lead  (Beaulte.  stated  as  Parts 
per  100.000).      The  action  on  Lead  was 
^ed  by  upward  flltrati^  through  60  ex. 
w«ahed  Leid  6ho«  at  tHe  rate^  S  mine, 
per  60  CO. 

Ut 
60C.& 

2nd 
60C.C. 

8rd 
60  C.C. 

4lh 
60  cc. 

6th 
60  CC. 

ATeiaga. 

'   7 

1.000  ec  distilled 
water  ag»in  Altered 
through    the    same 
peat    as  in  Experi- 
ment 5.      February 
ard.1806. 

Ft.  acid 

O'M. 

0-1 

0*1 

0-2 

0*2 

0-2 

0*16 

8 

* 

1,000  ex.  diatilled 
water  again  filtered 
throng    the    aarae 
peat   as  in  Experi- 
ment 6.      Fobnury 
23ni.l896. 

F<.acid 

0-24 

0*1 

0*2 

0-2 

0*2' 

0*2 

0'18 

'    » 

Febniary  »th,    1806. 
Experiment    7     re- 
peated. 

y.  ft.  acid 

0-£0 

0*0 

0*0 

0*1 

on 

0-1 

0-06 

10 

F^bmaij  88th,  1806. 
Experiment     8     re- 
peated. 

y.  ft.  acid 

0*20 

0*1 

0-1 

0*1 

01 

0-1 

0-iO 

u 

Hareh  5tb.  1886.     Bx- 
periment  7  repeated. 

y.  ft.  acid 

O'BO 

0*0 

0-0 

0*0 

Oi 

0-1 

0-04 

.u 

March  6th.  1806.   Ex- 
periment 8  repeated. 

y.  ft.  add 

O'SO 

0*0 

0*1 

0-1 

0-1 

0*1 

0*08 

c 

Haroh  Uth.  1896.  Ex- 
periment 7  repeated. 

y.  ft.  acid 

0-SO 

0*0 

0*1 

0*1 

0*1 

0*1 

0-08 

u 

Ifaroh  14th.  1896.  Bbc- 
peiiment  8  repeate  d. 

V.  ft.  acid 

t 

0-20 

0-1 

0*2 

0*2 

0*8 

0-8 

0-82 

u 

March  tSth.  1886.   Ex- 
periment 7  repeated. 

Acid 

0-24 

0*2 

0*3 

0-3 

0*4 

0-6 

0-84 

L16 

Manh  85th.  1896.    Ex- 
periment 8  repeated. 

Acid 

o*ao 

0*3 

0-6 

0-6 

0-6 

0*5 

0-4i 

17 

April  10th.  1896.    Sx. 

Ft.  acid 

O'io 

0*1 

0*1 

0*2 

0*2 

0-4 

0-20 

18 

April  10th.  1886.    Ex- 
periment 8  repeated. 

Acid 

0-30 

0*1 

0-6 

0-6 

0*6 

0-6 

0-41 

10 

May    6th.  1896.    Ex- 
periment  7  repeated. 

Ft.  acid 

0-80 

0-2 

0*8 

0*4 

0-4 

6-4 

034 

^» 

May    6tb.  1886.    Bz- 
periment 8  repeated. 

Acid 

0*48 

0-6 

1*0 

1-2 

1-2 

1-4 

108 

tl 

10  gnna.  Settle  pett 
tied  in  mnalin  b^ 
and  placed  in  stop- 
pered    hottle  (with 
large  air  spaoe)  con- 
taining 600. ex.  dis- 
tilled water  (neotraa 
and    free    from 
plombo     -    iolTent 
ability).      February 
Uth.    1886.     Tested 
Mareh  Srd.  1886. 

Aeid 

'4 

0-42 

0*0 

0*1 

o-i 

• 

0-2 

0*2 

riB 

» 

Gondii  ions  safnn  a«  in 
1    Btperiment  21,   but 

O'l    grm.   powdered 
'    marcMite  first  mixed 

withlthe  paat. 

Acid 

0-42 

01 

1 

1 

0-8 

0*4 

1 

i 

0-4 

0-4 

0-32 
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Table  CXXXL-^coniinued, 


84 


r» 


DeMripiion  of  the 
Bxperiment. 


100  moM,  Settle  peat 
tied  ap  in  doable 
muslin  bag  and 
hong  outaide  labora- 
tory so  as  to  be  ex- 
posed to  atmospheric 
influences  from 
March  6th  to  May 
28rd,1886.  The  peat 
was  then  placed  m  a 
muslin  filter  in  a 
glass  funnel^md  ifiOO 
o.c.  boiled  distilled 
water  (neutral  and 
fk«efh>m  plumbo-sol- 
Tent  abihty)  slowly 
filtered  through  the 
peat.  The  filtrate 
was  tested  for  acidity 
and  plumbo^oi- 
▼ent  ability. 

Conditions  ssme  as  in 
Experiment  28^  ex- 
cept tiiat  1  grm. 
powdered  iron  py- 
rites (FeS.)  fint 
mixed  with  the  peat. 

Gonditlons  same  as  in 
Experiment  2S,  ex- 
cept that  1  grm. 
powdered  sbsJe  (the 
sample  was  obtained 
fh>m  Baenp  moorland 
gathering  ground) 
first  mixed  with  the 

10  grms.  Settle  peat 
tied  in  muslin  bag 
and  placed  in  stop- 
pered bottle  with 
large  air  space  con- 
taining 600  C.C  boiled 
dintilled  water  (neu- 
tral and  free  from 
plumbosolyent 
ability).  March  4th. 
tested    March  26(h. 

isee. 

Conditions  same  as  in 
Experiment  86^  except 
that  O'l  grm.  pow- 
dered iron  pyrites 
(Pes,)  fint  added  to 
the  peat. 

Conditions  same  as  in 
Experiment  86,  exc^t 
that  0*1  grm.  pow- 
dered shale  (the 
sample  was  obtained 
from  Bacup  Moor- 
land gathering 
ground)  first  mixed 
with  the  peat. 

600  cc.  boiled  distiUed 
water  (neutral  and 
free  fiom  plnmbo- 
solTent  ability)  +0*6 
grm.  powdered 
mareasite  (FeS,)  in 
stoppered  bottle  with 
large  air  space. 
March  a«th,  188e. 
The  following  day 
%h9  water  was  care- 
fully siphoned  off 
and  tested  for 
acidity  and  plumbo- 
solrent  ability. 


Reaction 
with 


Acid 


Acidity 

in  Terms 

ofca 

!>••«). 

required 
to  neu- 
tralise 
100  CO.  of 
theWater. 


Action  on  Lead   (ELesults  stated 
per  lOOjOOO).     The  action  on  ' 
tested  by  upward  filtration  thr 
washed  Lead  Shot  at  the  rate 
per60cc 


as  Psrts 


SOcc. 
3  min 


1st 
60  oc. 


0*00 


icid 


Acid 


Acid 


Add 


Acid 


Add 


O'M 


0-00 


0*48 


0*8 


8nd 
60  cc. 


0*4 


Srd 
60  cc 


0*4 


0-80 


0*64 


0-48 


0*6 


0*8 


0*8 


0*8 


0*8 


1*8 


0*4 


0*4 


0*8 


0*6 


4lh 
60  cc 


0*4 


6th 
60  cc 


0-4 


1-6 


0-4 


0-6 


0-4 


0-6 


1-6 


0-6 


0*6 


0*4 


0*6 


ATcrage; 


0*86 


1*6 


0*6 


0*6 


0-6 


0*6 


Bcperimentfisiled. 


1-38 


0*44 


0*46 


0*36 


0-44 
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Table  CXXXJ  .—caniinued. 


DeKripiion  of  the 
Bzperiment. 


Reaction 

with 
Laomoid. 


Acidity 

in  Terms 

olcc. 

^Ne,CO, 

required 
to  neu- 
tralise 

100  C.C  of 
theWater. 


Action  on  Lead  (Besalts  stated  as  Parts 
per  100,000).  The  action  on  Lead  wa» 
tested  by  upward  filtration  throoirh  60  ex. 
washed  Lead  Shot  at  the  rate  of  9  mins. 
perSOoc. 


1st       2nd 
fiOcc.  fiOcc. 


4th 
600.0. 


6th 
60  0.0. 


Arerace. 


Conditions  same  as  in 
Bzperiment  29,  but 
the  water  was  not 
tested  unfcil    March 

SStlL 

Coodttions  same  as  in 
Bzperiment  29,  but 
the  water  was  not 
tasted  until  April  Srd. 
Oonditions  same  as  in 
Bzperiment  29,  but 
th^  water  was  not 
tesEod  untU  April 
nth.  1896. 

Conditions  same  as  in 
Bzperiment  29.  but 
the  water  was  not 
tested  untU  April 
24th,  1896. 
600  cc.  boiled  distilled 
water  (neutral  and 
ft«e  from  plumbo- 
Bolfentabilitj)  +  0*5 
grms.  powdered  iron 
pyritea  (Fe&).  in 
stoppered  bottle  with 
lame  air  space. 
March  Slst.  1896.  The 
(bUofwinc  dMj  (April 
ist,  1886)  the  water 
was  carefully  si- 
gned     otr      and 

foracidityand 

jdumbo-aolTcncy. 
(Xmditions  same  as  in 
Bzperiment  84>  but 
the  water  was  not 
tested  until  April 
8th.  1896. 

Omditions  same  as  in 
Bzperiment  84^  but 
the  water  was  not 
tested  until  April 
16th.  1896. 

Conditions  aame  as  in 
Bzperiment  34^  but 
the  water  was  not 
tested  until  April 
t6th,1896. 
Conditions  same  as  in 
Bz|teriment  34.  but 
the  water  was  not 
tested  untU  May  6th, 
1886. 

600  C.C.  Venemous 
Cknigh  No.  1  water 
(Bacop)  +1  per  cent, 
powdered  sandstone 
rock  in  stoppered 
bottls  with  lam  air 
ipaoe.  Thesandstone 
rook  was  taken  from 
under  the  peat  on 
Baeup  moorland 
catherinff  ground. 
Kzperimpnt  started 
April  Istk  and  on 
April  94Kh.l896.  the 
water  was  careftiUy 
siphoned  off  and 
test*  d  for  acidity 
sad  plumbo-soWent 
abili^. 


Acid 


Acid 


Acid 


Acid 


Acid 


0-64 


0*96 


1-66 


2-64 


0*48 


0-2 


1-2 
1-2 


1*6 

ro 


80 
2-0 


0-8 


2-0 
1-2 


2*6 
2-0 


8*0 
8-0 


1-2 


2*0 

1'8 


2*6 
2*0 


4*0 
8*0 


1-S 


2*0 
t'8 


2*6 

2*0 


4-0 
8-0 


1*2 


2*8 

2*0 


2*6 
2*0 


4*0 
8*0 


•0*92 


•2*00 
tl*60 


•2*8a 

tl*80 


•8*60 
18*80 


Bzperimontfkiiled, 


Acid 


Acid 


Acid 


Acid 


1*14 


1*90 


2*64 


3*84 


0*2 


1*2 


2*0 


4*0 

2-0 


Acid  0*60  0*6 

[Add  0*78         0*6 

The  figures  in  bracketo 

aUlityoftho 


I'O 


2*4 


3*0 


4*0 
3*0 


1*0 


2*8 


8-0 


4*0 
8-0 


10 


2*8 


3*0 


4*0 
8*0 


1*2 


2*8 


3*0 


4*0 
3-0 


•0*83 


•2-40 


•2-80 


•4*00 
t2*80 


0-8        1*0        1*0        1*0  0*88 

1-2        1-6        1-6        1-6  1-82} 

the  addity  and  jdumbo^olTent 
when  not  -  treated  •Mn  any  way. 


*  K|Cr()«  used  in  estimating  the  amount  of  the  action  on  lead. 

t  (NH4)a8  used  (as  in  all  the  other  ezperiments)  in  estimating  the  amount  of  the  action  eir 


lead. 
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Table  CXXXL-^-coniinued, 


Description  of  the 
Bxperiment. 


-L 


Aeiditjr 
in  Terms 

!      of  C.C. 

BeAotion  -Ns,CO. 
with     10 


liMmoid. 


ss  Psrts 
was 


required 
tonen- 
tnlise       ,  . 
100cc.ofi_l** 
theWater.  *<^c.a 


Action  on  Lead  (Besolts  stated 
per  100^000).    The  action  on  Lieaa  was 
tested  by  upward  flltration  thiouffh  80  c.a 
washed  Laaid  Shot  at  the  rate  of  S  mint, 
per  60  cc. 


1 


2nd 
60C.C. 


8rd 
60  0.0. 


4th 
60  0.C 


6th 
60  CO. 


41 


<U 


Conditions  same  as  in 
Experiment  39,  ex- 
cept that  the  water 
was  the  "inlet" 
water  to  Sheephoifse 
Clough  Kesenroir. 


Conditions  same  as  in  '     Acid 
Experiment  88.  sx-  !    [Acid 
eept    that    1     per  j  The  figures 
cent,    powdered  ;        ability 
shale  (which  under-  ;  I 

lies  the  sandstone 
rock      on      Bscnp  ; 
moorland  |i[atherin(c  i  , 

finrottnd)  used,  and  I 
the     wator     fr(^m 
Veofimous   Clou(ui, 
No.  2. 


Acid      I      0'42      I    0*2        0*4        0'«        O'S        0*8  0'82 

[Acid     I      0-48      1    0-2        0-4    ^  0-6  _  0-8        0*8  0-66] 

The  figures  in  brackets  represent  the  acidity  and  plumbo-aolTent 

ability  of  the  same  water  when  not  *  treated  "  in  any  i 


0*26 
1*08 


r6 

1*6 


1-6 
2-0 


1-8 
2-8 


1-6 
2*6 


2-0 
2*6 


1-60. 

2*20] 


B  in  brackets  represent  the  acidity  and  plnmbo«>Went 
of  the  same  water  when  not "  treated  '^  in  any  way. 


Conditions 
Experiment  38,  ex- 
cept that  1  per 
cent,  powdered 
shale  (which  under- 
lies the  sandstone 
rock  on  Baoup 
moorland  gathering 
ground)  used,  snd 
the  water  from 
Sheephouse  Clough 
B<eserToir. 


Acid  0*06  0*4        0'6        0*8        I'O        1*0  0*76 

[Acid  0*66  0*8        1*2        1*2        1*6        1*6  1*28] 

The  figures  in  brackets  represent  the  acidity  and  p1umb&«>lT««nt 

ability  of  the  same  water  when  not "  treated  "  in  any  way. 


fSxperiments  1,  2,  3,  4  deal  with  the  effect,  as  regards  acidity  and 
plumbo-solvency,  of  **  weathering  "  peat  alone  and  also  peat  mixed  with 
iron  pyrites  and  with  marcasite.  The  filtrate  from  the  peat  mixed  with 
iron  pyrites  and  with  marcasite  acted  more  strongly  on  lead  than  did 
the  filtrate  from  the  peat  alone.  Experiments  5  to  20  deal  with  the 
•effect,  as  re^^ards  acidity  and  plumbo-solvency,  of  filtering  at  intervals 
neutral  distilled  water  through  peat  alone  and  through  peat  mixed  with 
powdered  marcasite.  Under  the  latter  set  of  conditions,  the  filtrate 
was  usually  more  acid  and  acted  more  strongly  on  lead  than  under  the 
former ;  hut  the  difierence  was  not  so  well  marked  as  might  have  been 
theoretically  anticipated.  Incidentally,  these  peat  filtration  experiments 
illustrate  an  aspect  of  the  subject  which  will  presently  receive  adequate 
consideration,  viz.,  the  ability  of  peat  to  confer  acid  and  plumbo-solvent 
•qualities. on  a  neutral  water,  slowly  filtered  through  it.  Experiments  21 
and  22  deal  with  the  effect,  as  regards  acidity  and  plumbo-solvency,  of 
leaving  peat  alone  and  peat  mixed  with  marcasite  for  some  time  in 
contact  with  a  large  bulk  of  neutral  water.  The  acidity,  in  both  cases, 
was  found  to  be  the  same  ;  but  the  action  on  lead  was  more  vigorous  in 
Experiment  22,  where  the  marcasite  was  mixed  with  the  peat,  than  in 
Experiment  21,  when  peat  alone  was  used.  Incidentally,  these  experi- 
cnents  illustrate  a  side  of  the  subject  which  will  presently  be  fhUy 
•considered,  viz.,  the  effect,  as  regards  acidity  and  plumbo-solvency,  of 
leaving  peat  for  a  long  time  in  contact  with  neutral  water.  Experiments 
23,  24,  and  25  deal  with  the  effect,  as  regards  acidity  and  plurabo- 
solvencj,  of  ''  weathering."  peat  alone  (Experiment  23)  and  peat  mixed 
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with  iron  pyrites  (Experiment  24),  and  also  peat  mixed  with  shale 
(Experiment  25).  Experiments  23  and  25  yielded  very  similar  results^ 
as  regards  the  acidity  and  plumbo-solvency  of  their  respective  filtrates, 
although  the  action  on  lead  was  somewhat  greater  in  Experiment  25 
than  in  Experiment  23.  The  difference,  however,  was  so  slight  as  to 
be  covered  by  the  error  of  experiment.  As  regards  Experiment  24, 
both  the  acidity  and  plumbo-solvenc  ability  of  the  filtrate  were  ctistinctly 
greater  than  that  of  the  filtrates  belonging  to  Experiments  23  and  25. 
The  conditions  in  Experiments  26,  27,  and  28  were  simiUir  to  those  in 
Experiments  21  and  22,  except  that  instead  of  marcasite,  iron  pyrites 
(Experiment  27)  was  used,  and  powdered  shale  (Experiment  28)  was 
also  employed.  Allowing  for  the  errors  of  experiment  (necessarily 
great  in  experiments  of  the  above  kind),  the  differences,  as  regards 
sddity  and  plumbo-solvency,  were  not  wide  in  the  three  separate  cases. 
Bot^  as  it  happened,  the  results  were  actoally  lower  in  Experiment  27 
(iron  pyrites)  than  in  Experiment  26  (control),  or  in  Experiment  28 
(powdered  shale). 

In  Experiments  29,  30,  31,  32,  33  the  effect,  as  r^ards  acidity  and 
plmnbo-solvency,  of  the  addition  of  marcasite  to  neutral  distilled  water 
is  shown.  It  will  be  seen  that  the  treattnent  the  water  was  experi- 
mentally subjected  to  rendered  it  acid  and  plnmbo-solvent  in  character, 
and  that  the  longer  the  duration  of  contact,  the  greater  also  became  the 
acidity  and  plumbo-solvent  ability.  Similar  results  were  obtained  with 
iron  pyrites,  as  is  shown  in  Experiments  34,  35,  36,  37,  and  38. 
Experiments  89  and  40  deal  with  the  effect,  as  regards  acidity  and 
plumbo-eolvency,  of  adding  powdered  sandstone  rock  to  acid  moorland 
waters  and  keeping  the  mixture  for  some  time  in  stoppered  bottles. 
Similar  experiments  were  carried  out  with  powdered  shale  (Experiments 
41  and  42).  It  is  to  be  noted  that  both  the  sandstone  and  shale 
appeared,  if  anything,  to  i*educe  slightly  the  initial  acidity  and  plumbo- 
solvent  ability  of  the  moorland  waters. 

The  table  contains  so  many  details  that  it  is  difficult  to  summarise 
briefly  its  contents.  The  main  facts,  however,  would  seem  to  be  as 
follows  : — Both  marcasite  and  iron  pyrites,  when  mixed  and  left  in 
contact  for  some  time  with  either  peat  or  neutral  distilled  water,  tend 
to  render  tho  filtrate  from  the  peat  more  acid  and  plumbo-solvent  than 
the  filtrate  from  **  untreated  "  peat,  and  to  confer  on  the  distilled  water 
acid  and  plumbo-solvent  properties  previously  absent.  Sandstone  and 
shale,  on  the  other  hand,  either  have  little  or  no  infiuence,  or  they  may 
even  trad  to  correct  the  initial  acidity  and  plumbo-solvent  ability  of 
moorland  waters  previously  endowed  with  these  attributes. 

So  much  has  been  said  of  the  effect,  as  regards  acidity  and  plumbo- 
solvency,  of  the  addition  of  iron  pyrites  to  water,  that  it  seems  opportune 
at  ifaia  stage  of  the  report  to  consider  the  results  shown  in  Tables 
CXXXTL  and  CXXXIII. 

Table  CXXXII.  shows  the  results,  as  regards  acidity  and  action  on 
lead,  of  the  examination  of  an  acid  water  issuing  from  coal-workings 
(rieh  in  iron  pyrites),  on  Bochdalo  moorland  gathering  ground.  At  one 
time  this  water  was  allowed  to  enter  the  waterworks ;  but  this  is  no 
longer  the  case. 
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^  It  will  be  seen  from  Table  CXXXIl.  that  the  water  was  highly  acid, 
relatively  speaking,  and  dissolved  lead  to  a  considerable  extent ;  but 
still  seemingly  not  to  the  extent  that  might  have  been  anticipated  from 
the  degree  of  acidity ;  that  is  to  say,  that  many  moorland  waters  giving, 
as  regards  acidity,  considerably  lower  figures,  possess  a  greater  power 
of  dissolving  leail.  As  regards  erosive  power,  the  ^  bright "  sheet  lead 
became  firmly  coated  and  practically  no  erosion  took  place. 

The  table  is  important,  because  the  oxidation  of  iron  pyrites  is 
believed  by  some  authorities  to  be  the  antecedent  cause  of  the  acidity 
of  mooriand  waters.  That  it  may  in  certain  instances  be  a  factor 
contributing  to  this  result  is  clearly  indicated  by  the  results  of  the  above 
experiments. 

With  the  view  of  testing  the  power  of  this  pyrites  rock  to  render  add 
water  slowly  filtering  through  it,  a  prolonged  series  of  filtration 
experiments  was  carried  out.  The  results  and  conditions  of  experiment 
are  fully  explained  in  Table  CXXXIII.,  pages  254-63.  See  Fig.  5, 
Plate  III. 

It  is  to  be  noted  that  the  water  was  rendered  strongly  acid  and,  when 
iufflcienily  diluted  with  a  non-plumbo- solvent  water,  dissolved  lead  to 
a  marked  extent.  No  less  than  101  experiments,  extending  over  a 
prolonged  period,  namely,  from  April  9»  1896,  to  July  19,  1896,  were 
carried  out  with  distilled  water.  During  this  period  neutral  non- 
plumbo-solvent  distilled  water  was  slowly,  but  continuously,  filtered 
through  the  pyrites  filter,  the  total  bulk  of  the  filtrate  amounting  to 
49,275  c.c. 

From  July  19  to  August  11  (Experiments  102  to  112)  Settle  water 
(a  hard  limestone  water  possessed  of  considerable  acid  neutralising 
ability)  was  ubed  instead  of  distilled  water,  the  total  bulk  of  water 
filtered  through  the  pyrites  filter  during  this  period  amounting  to 
12,000  c.c. 

It  is  apparent  from  the  above  experiments  that  water  slowly,  but 
continuously,  filtering  through  pyrites  rock  may  become  endowed  to  a 
dangerous  extent  with  acid  and  plumbo-solvent  properties,  and  that  the 
oopk)us  dilution  of  the  filtrate  with  a  non-plumbo-solvent  water  in  no 
way  removes  (within  certain  limits  it  even  enhances)  the  solvent  action  of 
the  water  on  lead.  Erosion  experiments,  carried  out  with  the  undiluted 
filtrate,  gave  practicallv  negative  results,  a  firmly  adherent  film  forming 
on  the  bright  surface  of  the  metal. 

It  is  of  advantage,  in  the  next  place,  to  consider  an  exhaustive  series 
of  experimeuts  dealing  with  the  potential  qualities  of  peat,  with  regard 
to  its  power  of  rendering  acid  and  plumbo-solvent  certain  neutral  waters 
brought  into  contact  with  it. 

llie  table  on  pages  264-286  (Table  CXXXIV.)  shows  the  effect,  as 
regards  acidity  and  plumbo-solvency,  of  leaving  peat  in  contact  with  a 
large  quantity  of  stagnant  water. 
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The  oonditioDs  of  experiment  are  fully  explained  in  the  table 
(Table  CXXXIV.,  Fig.  6,  Plate  IV.)  It  will  be  seen  that  the  aim  of 
the  experiments  whk  to  imitate,  as  nearly  as  possible,  the  stagnation  of 
rain-water  in  peat  pools  on  moorland  gathering  grounds. 

Experiment  1  shows  that  500  grammes  of  Settle  peat  were  able  to 
confer  acid  and  plumbo-solvent  qualities  on  11,350  e.c.  of  neutral  non- 
plumbo-solvent  distilled  water.  In  other  words,  one  part  of  peat 
sufficed  to  render  at  least  22  parts  of  w<iter  dangerous,  as  regards  acidity 
and  solvent  action  on  lead. 

Experiment  2  was  a  repetition  of  Experiment  1,  except  that  the  peat 
was  tied  up  in  muslin  with  the  object  of  keeping  thereby  the  water 
more  clear  for  testing  purposes.  500  grammes  of  peat  rendered 
10,275  cc.  of  water  acid  and  plumbo-solvent  (one  part  of  peat  to  at 
least  20  parts  of  water). 

Experiment  3  was  also  a  repetition  of  Experiment  1,  but  here 
1,000  grammes  of  peat  were  used  and  the  water  was  tested  for  acidity 
only.  But  the  presence  of  acid  implies,  practically  speaking,  the 
possession  as  well  of  power  to  dissolve  lead.  Here  1,000  grammes 
of  peat  reniiered  acid  20,900  cc.  (one  part  of  peat  to  at  least  20  parts 
of  water). 

Experiment  4  differed  from  Experiment  1,  inasmuch  as  when  a  given 
quantity  of  water  was  withdrawn  for  testing  purposes,  and  the  amount 

n 
of  ,^Na,GOs  necessary  to  neutTalise  it  ascertained,  a  corresponding 

amount  of  YgNa,CO,  was  added  to  the  water  subsequently  used  to 
renew  the  supply  in  the  cylinder.  Thus,  if  100  cc.  of  the  water 
withdrawn  for  testing  required  0*12  T^!N'a,CO,  to  effect  neutralisa- 
tion, then  to  the  100  cc.  of  water  replacing  that  withdrawn  0'12 
wvNa,COs  was  first  added.     Owing   to  the  addition  of  the  NajCO,, 

the  peat  water  became  gradually  browner  in  colour,  making  the  testing 
for  acidity  more  and  more  difficult ;  even  at  the  end  of  the  experiment 
the  peat  water  was  distinctly  acid  in  reaction.  The  total  bulk  of  water 
made  acid  by  the  1,000  grammes  of  peat  was  18,100  cc. 

In  Experiment  5  the  plumbo-solvency  of  the  peaty  water  a^  well  as 
its  acidity  was  tested.  The  cylinder  leaked  a  little,  «o  that  sometimes 
the  water  added  exceeded  in  amount  that  withdrawn  for  testing 
purposes.  The  results  showed  that  1,000  grammes  of  Settle  peat  could 
render  acid  and  plumbo-solvent  21,250  cc.  of  water  (1  part  of  peat 
to  at  least  21  parts  of  water). 

Experiment  6  resembled  Experiments  I  and  3,  and  showed  that 
1,000  grammes  of  peat  could  render  acid  19,800  cc  of  neutral  water 
(1  part  of  peat  to  at  least  19  parts  of  water). 

Experiment  7  resembled  Experiment  4;  and  the  results  obtained 
were  very  similiir. 

Experiment  8  resembled  Experiment  5,  except  that  Eeighley  peat 
was  used.  The  colour  of  the  peaty  water  gradually  became  so  dark 
that  accurate  testing  was  impossible,  and  the  experiment  had  to  be 


Digitized  by  VjOOQIC 


288 

abandoned  probably  long  before  the  peat  had  exhaatsted  its  acid- 
producing  power.  However,  1,000  grammes  of  Eeighley  peat  con- 
ferred acid  and  plumbo-solvent  properties  on  19,250  c.c.  of  neutral 
water  (1  part  of  peat  to  at  least  19  parts  of  water). 

In  Ex|)eriDient  9,  Shipley  peat  was  used.  Here  1,000  grammes  of 
peat  made  19^500  c.c.  of  neutral  water  acid  and  possessed  of  plumbo- 
solvent  power  (1  part  of  peat  to  at  least  19  parts  of  water). 

Experiment  10  was  a  failure,  owing  to  an  accident. 

In  Experiment  11,  Sheffield  peat  was  used.  Here  1,000  grammes 
of  peat  rendered  acid  and  plumbo-solvent  21,500  c.c.  of  water  (1  part 
of  peat  to  at  least  21  parts  of  water). 

In  Experiment  12,  Bradford  peat  was  uBed ;  1,000  grammes  of  peat 
rendered  21,600  c.c.  of  a  neutrd  water  acid  and  plumbo-solvent  (1  part 
of  peat  to  at  least  21  pai*ts  of  water). 

Experiment  13  differed  from  the  preceding,  inasmuch  as  Ribble 
water  (a  river  water  possessed  of  an  appreciable  degree  of  acid 
neutralising  ability)  was  used  instead  of  distilled  water.  Nevertheless, 
1,000  grammes  of  Settle  peat  rendered  20,000  c.c.  of  the  river  water 
acid  and  possessed  of  plumbo-solvent  ability. 

In  Experiment  14,  Huddersfield  peat  was  used.  Here  100  grammes 
of  peat  conferred  acid  and  plumbo-solvent  properties  on  16,(X>0  c.c.  of 
distilled  water  (1  part  of  peat  to  160  parts  of  water). 

lu  Experiment  15,  Bradford  peat  and  Settle  water  (a  hard  limestone 
water  possessed  of  a  considerable  degree  of  acid -neutralising  ability) 
were  used.  Notwithstanding  the  presence  of  lime  salts,  the  peat 
conferred  on  the  water  a  slight  but  appreciable  power  of  dissolving 
lead. 

In  Fxperiments  16  and  17,  Halifax  and  Mossley  peat  respectively 
were  employed,  and  in  Experiment  17  rain-water  was  used  instead  of 
distilled  water.  The  results,  as  regards  acidity  and  plumbo-solvent 
ability,  were  comparable  to  those  already  considered. 


In  the  following  table  (Table  CXXXV.,  tee  Pig.  7,  Plate  V.)  the 
effect,  as  regards  acidity  and  plumbo-solvent  ability,  of  filtering  non- 
plumbo-solvent  distilled  water  intermittently  through  peat  is  shown  : — 
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The  conditions  of  experiment  are  fullj  stated  in  the  table  (Table 
CXXXV.,  Pig.  7,  Plate  V.).  The  object  of  the  experiments  was  to 
determine  the  degree  of  aciditj  and  plumbo-solvent  ability  a  definite 
quantity  of  peat  was  capable  of  conferring  on  a  neatral  water  inter- 
mittently filtered  through  it.  An  attempt  was  also  made  to  determine 
the  utmost  limit  of  this  acid-producing  power  of  the  peat,  and  this 
object  was  achieved  by  repeated,  but  intermittent,  filtration  of  i*elatively 
large  quantities  of  water  through  the  peat  until  the  power  of  the  latter 
to  yield  acid  was  practically  entirely  exhuusted.  It  will  be  noted  that, 
np  to  a  certain  point,  the  peat,  with  suitable  intervals  of  rest,  had 
a  considerable  power  of  imparting  acid  and  plumbo-solvent  qualities 
to  a  relatively  large  bulk  of  water  filtered  through  it.  Thus  between 
June  29tli  and  August  2nd,  1H95  (Experiments  1  to  9),  9,000  c.c. 
of  neutral  water  were  rendered  acid  and  plumbo-solvent  by  only 
lOO  grammes  of  peat.  Afterwards  it  became  necessai*y,  at  intervals, 
to  spread  out  the  peat  on  filter  paper  to  allow  it  to  become  nearly  air- 
dry,  before  repeating  the  filtration  process.  This  air-drying  usually 
had  the  effect  of  restoring,  to  some  extent,  its  diminished  acid-pro- 
ducing power  to  the  peat.  Between  August  16th  and  December  14th 
(Experiments  10  to  20)  11,000  c.c.  of  water  were  filtered  through  the 
peat.  Altogether,  the  original  100  grammes  of  peat  conferred  on 
20,000  c.c  of  water  acid  and  plumbo-^lvent  properties  (1  part  of 
peat  to  200  parts  of  water).  The  acidity  and  plumbo-solvent  ability 
of  the  filtrates  tended  (with  intermissions)  to  become  less  and  less  as 
the  filtration  proceeded,  but  if  all  the  separate  filtrates  had  been  mixed 
together,  there  can  be  no  question  but  that  the  mixed  water  would 
have  been  capable  of  dissolving  lead  to  a  dangerous  extent. 

Table  GXXXYI.  shows  the  results  of  a  somewhat  simikr  series  of 
peat  filtration  experiments.  Here,  only  the  acidity  was  tested  for, 
and  the  filtrate  was  collected  in  successive  loss  ot  100  c.c,  and  the 
filtration  was  usually  continued  until  the  filtrate  was  nearly  neutral. 
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It  will  be  observed  tbat  in  each  experiment  the  acidity  in  the  first 
instance  usuallj  diminished  with  each  successiye  100  c.c.  of  filtrate 
collected  and  tested,  nntil  finally  it  became  barely  appreciable.  But  after 
resting  the  peat  for  some  time  there  was  evidence  of  a  decided  return  of 
th^  acidity,  not  necessarily  to  the  full  extent  observed  in  the  correspond- 
ing filtrate  of  the  preceding  experiment,  but  nearly  always  considerably 
in  jBxcess  of  that  noted  in  the  last  lot  of  filtrate  from  the  previous  experi* 
m^t.  As  the  experiment  went  on,  the  acidity  of  the  filtrate  grudually 
bei^me  less  and  less  until  it  was  no  longer  appreciable.  If  the  results 
obtained  from  these  experiments  were  expressed  as  a  curve,  then  such  a 
curve  would  have  a  general  tendency  in  a  downward  direction,  both  con- 
siqered  as  a  whole  and  in  relation  to  each  separate  filtration  experiment ; 
bull  the  commencement  of  each  individual  experiment  would  be  usually 
indicated  by  a  rise,  consequent  to  the  resting  of  the  peat.  Judging 
th^  results  as  a  whole,  it  may  be  said  that  50  grammes  of  peat  may 
be' capable  of  rendering  acid  8,800  c.c.  of  neutral  water  (I  part  of  peat 
toil 76  parts  of  water).  The  experiments,  of  course,  were  designed  to 
imiitate,  as  nearly  as  possible,  the  conditions  prevailing  on  moorland 
gathefing  grounds,  when  the  rain  saturates  the  peat  and  percolates 
through  it,  and  when  each  successive  rainfall  washes  out  of  the  peat 
acid  substances  presumably  manufactured  in  situ.  The  seeming 
ability  of  the  peat,  under  conditions  of  rest  and  aeration,  to 
minufacture  fi*esh  acid  is  an  instructive  feature  of  the  above  series 
of  experiments. 

The  following  table  (Table  CXXXVII.)  shows  the  effect,  as  regards 
acidity  and  plumbo* solvent  ability,  of  filtering  water  intermittently 
through  peat : — 
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It  will  be  noted  thot  these  experiments,  being  of  a  more  exhanstiTe 
and  detailed  character^  go  farther  to  confirm  the  results  already  dealt 
with  in  Table  CXXXV. 

In  Experiment  1,  300  grammes  of  Bradford  peat  sofficed,  under  the 
conditions  of  the  experiment,  to  render  acid  and  plumbo-solyent  in 
character  100,970  c.c*  of  previously  neutral  and  non-plnmbo-solvent 
distilled  water  (1  part  of  peat  to  336  parts  of  water).  Whenever  the 
acidity  of  the  filtrate  showed  signs  of  being  exhausted,  resting  the  peat 
usually  led  to  a  subsequent  re-development  of  acidity. 

Similarly,  in  Experiment  2,  300  grammes  of  Huddersfield  peat 
conferred  acid  and  plumbo-solvent  properties  on  63,750  c.c.  of  distilled 
water  (1  part  of  peat  to  179  parts  of  water). 

In  Experiment  3,  150  grammes  of  Settle  peat  rendered  44,950  c.c.  of 
distilled  water  acid  and  plumbo-solvent  in  character  (1  part  of  peat  to 
299  parts  of  water). 

In  Experiment  4,  150  grammes  of  Mossley  peat  conferred  acid  and 
plumbo-solvent  properties  on  30,850  c.c.  of  distilled  water  (1  part  of 
peat  to  206  parts  of  water). 

In  Experiment  5,  250  grammes  of  Oldham  peat  rendered  acid  and 
plumbo-solvent  in  character  13,900  c.c.  of  distilled  water  (1  part  of  peat 
to  55  parts  of  water).  The  sample  of  Oldham  peat  was  taken  at  a 
depth  of  8  feet  from  the  surface;  this  circumstance  may  possibly 
account  for  the  fact  that  the  acidity  and  solvent  action  on  lead  of  the 
filtrate  from  this  peat  sample  were  not  ho  well  marked  as  in  the  other 
experiments. 

The  experiments,  as  a  whole,  show  the  remarkable  power  of  a 
relatively  email  bulk  of  peat  to  render  acid  and  plumbo-solvent  in 
character  a  relatively  large  bulk  of  neutral  water.  It  is^  obvious  that, 
on  the  average,  less  than  1  part  of  peat  is  capable  of  couf erring  dfingerous 
properties  on  more  than  200  parts  of  water,  provided  the  filtration 
process  is  intermittent  in  character.  The  increase,  after  the  peat  had 
been  allowed  to  rest  for  some  time,  in  the  acidity  and  plumbo-solvent 
ability  of  the  filtrate,  is  an  inatructive  feature  of  the  experiments. 
Some  such  state  of  things  prevails  on  moorland  gathering  grounds. 
Here  the  rain  falling  on  the  peat  saturates  it  and  escapes  slowly  by 
lateral  filtration. 

Between  each  successive  rainfall  (corresponding  to  the  intermittent 
character  of  my  experiments,  and  the  periods  of  rest  occasionally  given) 
acid  substances  are  doubtless  manufactured  and  stored  in  the  peat. 
These  are  '*  washed  out"  during  storm  time  and  so  contaminate  the  water 
supply.  It  has  been  observed  repeatedly  on  moorland  gathering  grounds 
that  the  *^  first  washings  "  of  the  peat  are  apt  to  be  excessively  acid  and 
to  possess  a  vigorous  solvent  action  on  lead. 

An  important  and  prolonged  series  of  experiments  will  next  be 
considered,  in  which  are  shown  the  results,  as  regards  acidity  and 
plumbo-solvency,  of  passing  water  slowly,  but  continuously,  through 
peat  saturated  with  water. 


*  Id  this,  as  in  the  succeeding  eicperiinentA,  the  total  bulk  of  filtrate  is  given.  On 
rare  occasions  a  particular  filtrate  was  practically  neutral  and  free  from  plumbo- 
aolrcDcj;  btzt  as  the  earlier  filtrates  from  the  same  sample  of  peat  were  decidedly 
acid  and  acted  vigorously  on  lead,  these  filtrates  are  included  in  the  computation  ; 
for,  if  all  the  filtrates  had  been  mixed  together,  the  mixture  would  most  certainly 
be  acid  and  plumbo-solvent  in  character. 
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The  oonditions  of  experiment  are  fully  stated  in  the  table  (Table 
CXXX  VIII.,  see  also  Fig.  9,  Plate  VI.)  and  need  not  here  be  repeated. 

In  Experiment  1, 1,000  grammes  of  Settle  peat  were  left  in  prolonged 
contact  with  7,700  c.c.  of  water,  and  daring  July  (part  of),  Auguaty 
September,  and  October  (part  of),  1895,  water  was  slowly,  but  con- 
tinnonsly,  from  abo^e  downward,  filtered  through  it.  Altogether,  during 
this  period,  117,630  c.c.  of  neutral  distilled  water  were  passed  throng 
the  peat,  making,  with  the  7,700  c.c.  above  alluded  to,  a  total  of 
125,300  c.c.  rendered  acid  and  plumbo-solvent  in  character  by  contact 
with  the  peat  (I  part  of  peat  to  125  parts  of  water). 

In  Experiment  2,  Hibble  river  water  (which  is  possessed  of  an 
appreciable  degree  of  acid-neutralising  ability)  was  used  instead  of 
distilled  water.  The  experiment  lasted  from  July  20th  to  October  8tb, 
1895.  Altogether  131,530  c.c.  of  river  water  were,  by  this  filtration, 
rendered  acid  and  plumbo-solvent  in  character  (I  part  of  peat  to 
131  parts  of  water). 

In  Experiment  3,  1,000  grammes  of  Huddersfield  peat  were  used. 
The  experiment  lasted  from  August  5th,  1895,  to  October  8th,  1895. 
The  peat  conferred  acid  and  plumbo-solvent  properties  on  84,730  c.c. 
of  neutral  distilled  water  (1  part  of  peat  to  84  parts  of  water). 

In  Experiment  4,  lOU  grammes  of  Halifiix  peat  were  used.  Tiie 
experiment  lasted  from  September  13th  to  October  15th,  1895. 
Altogether  47,900  c.c.  of  water  were  rendered  acid  and  plumbo-solvent 
in  character  (1  part  of  peat  to  479  parts  of  water). 

In  Experiment  5,  rain-water,  instead  of  distilled  water,  was  filtered 
through  500  grammes  of  Halifax  peat.  The  experiment  lasted  from 
October  8th,  1895,  to  April  8th,  1896.  During  a  short  period  (January 
7th  to  14th)  the  water  was  stopped  dropping  in  from  above.  The 
peat  conferred  acid  and  plumbo-solvent  properties  on  129,000  c.c.  of 
rain-water  (1  part  of  peat  to  258  parts  of  water). 

In  Experiment  6,  2,000  grammes  of  Settle  peat  were  used  and  Settle 
water  (a  hard  limestone  water,  possessed  of  considerable  acid-neutralising 
ability)  was  employed  instead  of  distilled  water  The  experiment  lasted 
from  January  30th,  1896,  to  April  7th,  1896.  Altogether  about 
72,100  c.c.  of  Settle  water  were  rendered  acid  and  plumbo-solvent  in 
character  (1  part  of  peat  to  36  parts  of  water). 

The  above  prolonged  series  of  experiments  serves  well  to  illustrate 
the  remarkable  power  possessed  by  peat  of  rendering  acid  and  plombo- 
Holvent  in  character  a  relatively  large  volume  of  neutral  water.  On 
most  moorland  gathering  grounds  there  are,  on  the  upper  and  flatter 
portions  of  the  drainage  area,  hollows  and  depressions  where  the  rain 
accumulates  in  the  peat,  and  where,  even  in  dry  weather,  the  peat  is  apt 
to  remain  saturated  with  water,  and  from  these  pools  peaty  water  drains 
into  the  waterworks,  either  continuously  or  intermittently,  according  to 
the  season  of  the  year  and  the  amount  of  rainfall.  The  experiments 
that  have  been  here  described  were  designed  to  imitate  as  nearly  as 
possible  natural  conditions,  and  they  serve  to  show,  in  a  striking  manner, 
th^  potentially  dangerous  qualities  of  peat  as  regard^  its  power  of 
rejid^ring  water  acid  and  plumbo-solvent. 

A  long  series  of  experiments  (Table  CXXXIX.,  Pig.  8,  Plate  V.) 
may  next  be  considered.  A  measured  quantity  of  peat  (ten  grammes) 
was  tied  up  in  a  muslin  bag  and  added  in  each  case  to  500  c.c.  of  neutral 
distilled  water  and  the  mixture  kept  for  varying  periods  in  stoppered 
bottles.  The  acidity  and  plumbo-isolvency  of  the  liquid  were  tested  in 
the  usual  manner. 
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Tablk  CXXXIX. 

Showing  the  Effect,  as  regards  Acidity  and  Action  on  Lead,  of  adding 
Peat  to  Distili-ed  Water,  and  keeping  the  Mixture  for  varying 
Periods  in  Stoppered  Bottle  with  Air-space  (see  Plate  V.,  Fig.  8). 
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In  Experiment  lA  and  IB  the  filtrate  from  peat  alone  wad  seemingly 
as  acid  and  plumbo-solvent  in  character  as  the  filtrate  from  peat  mixed 
with  1  per  cent,  of  solphide  of  iron. 

In  Experiments  2A,  2B  and  2C  peat  alone,  peat  mixed  with  iron 
pjrites,  and  peat  mixed  with  powdered  shale  were  under  experiment. 
11ie  shale  seemed,  if  anything,  to  lessen  the  acid  and  plumbo-solvent 
qualities  of  the  peat  filtrate.  The  addition  of  iron  pyrites  appeared  to 
have  a  slight,  hut  by  no  means  noteworthy,  effect  in  the  way  <^ 
increasing  the  acidity  and  plnmbo  solvent  ability  of  the  filtrate  from 
the  heat. 

The  following  two  tables  (CXLU.  and  CXLIII.)  show,  as  regards 
acidity  and  plumbo -solvency,  the  result  of  certain  experiments  with  (a) 
peat  containing  a  large  amount  of  iron,  and  (6)  peat  containing 
apparently  no  iron  (Table  CXLII.)  ;  and  the  effect,  as  regards  acidity, 
of  filtering  dintilled  water  through  (a)  peat+0  and  through  (b)  peat-h 
"iron  ore"  (Table  CXLIII.). 

Table  CXLII. 

Showing,  as  regards  Acidity  and  Plum  bo- solvency,  the  Result  of 
certain  Experiments  with  (a)  Peat  containing  a  large  Amount 
of  Iron,  and  (6)  Peat  containing  apparently  no  Iron. 


s 
•c 
t 


Date. 


Description 
of  Experiment. 


Re- 
action 
with 
Leo- 
moid. 


Acidity  in 
Terms 
of  cc 

*oNa,CO, 

required 

toneu 

tnlise 

lOOccof 

the 
Liquid. 


Action  on  Lead  (Results  stated  as 

Parts  per  100,000). 

The  Action  on  Lead  wae  tested  by 

upward  Filtration  through  50  cc 

washed  Lead  Shot  at  the  Rate 

of  3  mins.  per  50  cc. 


Ist       2nd 
50  cc. ,  50  cc 


Srd 
50  cc 


4th    I    5th 
50  cc   50  cc 


0-0        0-0        0-0 


0*0 


1805.     I  I 

;Aufr.  28th )  25  arms.  Bradford  peat  ?  Trace  0-12  O'O 
(from  "low  level"  of  acid, 
gathering  ground), 
which  snowed  dis- 
tinctly the  presence* 
of  iron  in  a  double 
muslin  Alter.  500  cc 
boil«Hl  distilled  water 
(neutral  and  free 
from  plumbo-solvent 
ability),  slowly  Al- 
tered through  the 
IM-at.  and  the  Altrate 
tested  for  acidity  and 
phimbo-solvency. 

Same  as  Experiment  1.  P  Trace       0*18  Traces, 

but  the  peat,  which  I  of  acid, 
was  collected  from 
a  spot  rloee  to  the 
sample  used  in  Expe- 
nrottnt  1,  contained, 
as  far  as  could  be 
ftpen,  no  ircm. 

*  The  sample  was  obtained  from  a  bed  of  peat  which  showed  the  presence  of  iron  in  the  form 
of  an  ochre-hke  deposit. 

These  samples  of  peat  collected  for  the  experiments  were  unfortu- 
nately not  possesfied  of  any  decided  power  of  rendering  water  acid  and 
plumbo-solvent  in  character.  But  certainly  the  peat  rich  in  iron  deposit 
had  no  greater  ability  to  produce  this  result  than  the  peat  seemingly 
free  from  the  presence  of  iron. 
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Tablb  CXLIII. 


Showing  the  Efvbct,  as  regards  Aciditt,  of  Filtering  Distilled 
Watbb  through  (a)  Peat  +  0  and  through  (6)  Peat  +  "  Iron 
Ore."* 


X 


Date. 


I 


Description  of  the  Experiment. 


Reaction 
with 
Lao- 
moid. 


la 

15 

la 

86 

to 

S6 


18B6. 
Jnlyaoth 


July  8Ut 


10  grms.  Settle  peat  +  0  in  doable  muslin  filter.      Acid 
100  ox.  distilled  water  (preriously  boiled  and  | 
neutral  in  reactaon),  slowly  filtered  through  < 
the  peat.    The  filtrate  tested  for  acidity. 

Same  as  la.  but  1  grm.*  "  iron  ore"  mixed  with 
the  peat. 


100  cc.  distilled  water,  filtered  through  the  same 
peat,  as  in  la. 

100  cc.  distilled  water,  filtered  through  the  same 
peat,  as  in  16. 


Aug.  1st  :  100  cc.  distilled  water,  sgain  filtered  throogh  the 
same  peat,  as  in  la. 

!  lOOoc  distilled  water,  again  filtered  through  the 
'      same  peat,  as  in  16. 


Aug.  2nd    100  cc  distilled  water,  again  filtered  through  the 
j     same  peat,  as  in  la. 

i  100  cc  distilled  water,  sgaln  filtered  through  the 
same  peat,  as  in  16. 


•a     Aug.  6th    100  cc.  distilled  water,  again  filtered  through  the 
I  I     same  peat,  ss  in  la. 

100  cc.  distilled  water,  again  filtered  through  the 
same  peat,  as  in  16. 


Acidity  in  Terms 
of  cc  ^-^NacCOs 
required  to  neu- 
tnUiselOOccof 
the  Water. 


0-60 


" 

0*84 

..     1          o-» 

1               0*24 

•• 

0-84 

1 

0-18 

..        1               0-18 

1 

0-18 

t 

0-18 

*  Scraped  from  the  sniteoe  of  the  marl  in  the  feeders  on  the  Shipley  moorland  gathering 
grounds. 

It  will  be  observed  that  under  the  conditions  of  experiment  the  peat 
+ ''  iron  ore  "  had  no  appreciably  greater  power  of  rendering  its  filtrate 
acid  than  had  the  peat  alone. 

The  following  table  (GXLIV.)  shows  the  effect,  as  regards  aciditj 
and  plumbo-solvency,  of  heating  peat  to  100^  C.  for  some  time,  and  of 
then  filtering  through  it  distilled  water. 
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It  will  be  noted  that  heating  the  peat  to  100°  C.  previous  to  the  filtra- 
tion process  undoubtedly  increased  the  acidity  and  plumbo-solvent  ability 
of  the  filtrate.  This  might  lend  colour  to  the  view  that  the  acidity  of 
peaty  water  is  dependent  solely  on  chemical  or  physical  changes  rather 
than  on  biological  processes.  But  there  seems  no  reason  to  assert  that 
what  can  be  effected  rapidly  by  heat  cannot  also,  although  more  slowly, 
be  effected  by  bacteria. 

The  following  table  (Table  CKLV.)  shows  the  effect,  as  regards 
acidity  and  plumbo-solvent  ability,  of  filtering  distilled  water  (a)  through 
peat  nneshly  collected  and  (b)  through  the  same  peat  after  the  peat  had 
been  kept  for  some  considerable  time  in  a  moist  chamber. 


Table  CXLV. 

Showing  the  Result,  as  regards  Acidity  and  Plijmbo-soltent  Ability, 
of  filtering  Distilled  Water  throuc;h  Peat  freshly  collected, 
and  through  the  same  Peat  after  being  kept  for  some  consider- 
able Time  in  a  Moist  Chamber. 


c 

i 

M 


Deflcription  of  tho 
Sxperiment. 


Reaction 

with 
Lacmoid. 


Acidity 

InTenxiB 

of  cc 

required 
to  neu- 
tralise 
lOOccof 
theWater. 


Action  on  LeadJResults  stated  aa  Parte 
per  100,000).  The  action  on  Lead  was 
tested  by  upward  flltmtion  through  SO  c.e. 
washed  Lead  Shot  at  the  rate  of  3  niin. 
per  50  cc. 


let 
50  cc. 


2nd       3rd   i    4th       5th   L„„^^ 
5.   50  CO.   50  CO.  ^50  cc.   50  cc.  p^®'*** 


7ebmary    20th,   1886.  i 
SOgrms.    Settle  peat  I 
,    in  aonble  mnslin  ill*  { 
I    ter.     600  cc.  boiled  , 
I    distilled  water  (neu* 
I    tral   and   free  from  i 
plumbo-solvent  abil- 
ity) filtered  through 
the  peat  at  the  rate  , 
'    of    83   seconds    per 

I     10  CO. 

Same  as  Experiment  1,  ' 

but  the  peat  was  kept 
I    for  three  months  in  a  , 
I    moist  chamber  with 
'    a  large  air  space. 


Acid 


I  1 

0-49      !    O'l     ,    0-4         0-4 


0-5    I    0-5         0*88 


0-72  0-4        0-«        0-8    I     rO         I'O    I    0'7« 


It  is  to  be  regretted  that  more  experiments  were  not  carried  out  under 
this  heading ;  but,  so  far  as  deductions  may  be  drawn  from  an  isolated 
experiment,  the  results  seem  to  show  that  keeping  peat  for  some  time 
with  a  large  air  space  in  a  moist  chamber  confers  on  the  peat  an 
increased  power  of  yielding  acid  and  plumbo-solvent  properties  to 
neutral  water  filtered  through  it. 

The  following  table  (CXL VI.)  shows  the  efiect  li  filtering  distilled 
water  throYigh  peat,  as  regards  the  acidity  and  plumbo-solvency  of  the 
filtrate,  and  also  the  result  of  keeping  the  filtrate  (neutralised  and  not 
neutralised)  for  varying  periods  of  time  in  partially  filler!  and  stoppered 
bottles  and  also  in  completely  filled  and  stoppered  bottles. 
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The  first  sixteen  experiments  show  the  etfect,  as  regards  aciditj  and 
plumbo-  solvency,  of  filtering  neutral  distilled  water  through  peat.  They 
also  show  the  result  of  keeping  the  filtrate  thus  obtained,  for  varying 
periods  of  time,  in  partially  filled  and  stoppered  bottles.  Sometimes 
storing  the  peat  filtrate  resulted  in  an  increase  of  the  initial  acidity  and 
plumbo-solvent  ability  of  the  liquid ;  but  usually  the  filtrate,  examined 
in  the  fresh  condition  (^me  day)  and  also  some  considerable  time 
afterwards,  yielded  approximately  the  same  results. 

Experiments  19  to  26  deal  with  the  same  question,  but  the  peat  filtrate 
was  stored  in  completely  filled  aod  stoppered  instead  of  in  partially 
filled  and  stoppered  bottles.  Here  storage  more  uniformly  and  decidedly 
increased  the  initial  acidity  and  plumbo -solvency  of  the  artificial  peaty 
water. 

In  Elxperiments  17  and  18,  the  acid  peat  filtrates  were  first  neu- 
tralised ;  subsequently  they  were  twice  tested  for  plumbo-solvency,  i.e., 
immediately  and  after  storing  for  some  time  in  partially  filled  and  stop- 
pered bottles.  In  both  cases,  the  liquid  showed  no  solvent  action  on 
lead ;  and  in  the  case  of  the  stored  filtrate  there  was  hardly  any  appreci- 
able retnm  of  acidity.  In  Experiments  27  to  30,  the  peat  filtrate,  after 
neatralisation,  was  stored  in  completely  hlled  and  stoppered  bottles.  As 
in  Experiments  17  and  18,  the  neutralised  artificial  peaty  water  did  not 
dissolve  lead ;  but  the  liquid,  after  being  kept  for  some  time,  showed  a 
slight  tendency  to  re-develop  acid  and  plumbo-solvent  properties.  With 
the  exception,  however,  of  Experiment  29,  in  which  tliere  seemed  to  be 
a  decided  production  of  acid,  the  neutralised  waters  may  be  said  to  have 
remained  practically  neutral  and  free  from  plumbo-solvent  ability,  when 
stored  in  completely  filled  and  stoppered  bottles. 

Summary  (onder  Section  III.  A.). 

The  following  is  a  brief  snmmary  of  the  foregoing  tables : — 

A  relatively  small  quantity  of  peat  can  render  acid  and  plumbo- 
solvent  a  large  bulk  of  nentral  non-plumbo- solvent  water  under  the 
following  conditions  of  experiment  when  the— 

(a.)  Peat  is  left  in  contact  with  a  large  bulk  of  stagnant  water  ; 

(6.)  Water  is  intermittently  filtered  through  peat ; 

(c.)  Water  is  continuously  passed  through  peat  saturated  with  water. 

Peat  alone  confers  practically  as  much  acidity  and  plumbo-solvency 
on  neutral  water  as  peat  mixed  with  sulphide  of  iron,  powdered  shale,  or 
iron  ore.  But  peat  mixed  with  iron  pyrites  is  apt  to  render  water  more 
acid  and  plumbo-solvent  in  character  than  peat  by  itself. 

Peat  rich  in  iron  would  not  seem  to  impart  to  water  filtered 
through  it  aciditj  and  plumbo-solvency  to  any  greater  extent  than  peat 
containing  little  or  no  iron. 

Heating  peat  to  100°  C,  or  keeping  it  for  a  long  period  in  a  moist 
chamber,  seemingly  increases  its  ability  of  conferring  on  water  filtered 
through  it  acid  and  plumbo-solvent  properties.  But  further  experiments 
in  this  connection  are  desirable. 

Artificial  peat  filtrates  kept  under  the  following  conditions  yield,  as 
regards  acidity  and  plumbo-solvency,  the  following  results  : — 

Kept  in  partially' 


Not 


filled  and  stop- 
pered bottles. 


Stoppered 
L      bottles. 


Initial  acidity  and  plumbo-solvency 
but  slightly  affected. 

Initial  acidity  and  plumbo-solvency 
seemingly  slightly  increased. 
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Neutralised  •< 


Kept  in  partially 
filled  and  stop- 
pered bottles. 

Kept  in  complete-^ 
I7     filled     and 
stoppered 
bottles. 


Results,  as  regards  re-development 
of  aciditj  and  plumbo-solyencyy 
practicallj  negative. 

Results  usually  negative,  or  aciditj 
and  pi  umbo- solvency  barely  ap- 
preciable. 


B. — Bactkriological  Expbrimknts. 

As  far  back  as  1887,*  Mr.  Power  raised  the  question  **  whether  the 
inscrutable  behaviour  of  soft  moorland  waters  in  regard  of  their  plumbo> 
siilvent  ability  may  not  be  related  to  the  agency,  direct  or  indirect,  of 
low  forms  of  organic  life,"  and  "  whether  chemistry,  which  by  itself  baa 
failed  to  afibrd  satisfactory  explanation  of  the  plum  bo-solvency  of  moor- 
land water,  may  not  get  advantage  by  association  of  biology  in  the 
problem.*'  In  1890,  when  the  sanction  of  the  Board  was  obtained  to  an 
inquiry  into  the  snbject  of  lead  poisoning  by  moorland  waters,  it  was 
determined  that  bacieriological,  as  well  as  chemical,  investigations  should 
be  carried  out,  with  a  view  to  learning  the  conditions  under  which 
moorland  waters  acquire  their  power  of  dissolving  lead.  The  general 
outcome  of  these  researches  was  reported  on  by  Mr.  Powerf  in  the 
Annual  Report  of  the  Medical  Officer  of  the  Local  Grovemment  Board 
for  1893-94.  The  following  is  a  detailed  account  of  the  work  carried  out 
in  this  connection  : — 

Already,  in  Volume  I.  of  the  complete  report,  an  account  has  been 
given  of  the  more  general  side  of  the  question.  Thus,  tables  dealing 
with  the  number  and  character  of  the  bacteria  to  be  found  in  peat  and 
in  peaty  waters  have  been  fully  considered  and  need  not  again  be 
alluded  to  here,  unless  in  a  cursory  manner.  In  this  volume  the  more 
specialised  side  of  the  problem  will  be  dealt  with,  especially  that  part 
which  seeks  to  throw  fresh  light  on  the  question  of  the  antecedent  cause 
of  the  acidity  of  moorland  waters. 

A  foundation  for  the  work  was  obtained  by  the  observations  made  in 
1892  at  Bummoor,  namely,  that  moist  peat  soil  invariably  has  an  acid 
reaction.  These  observations  were  subsequently  confirmed  in  connec- 
tion with  the  surveys  of  numerous  other  moorland  gathering  grounds  in 
Lancashire  and  Yorkshire.  The  observed  fact  of  the  acidity  of  the 
peat  itself,  coupled  with  the  circumstance  that  acid  moorland  waters 
kept  under  laboratory  conditions  failed  to  increase  their  acidity  (or,  if 
previously  neutralised,  to  acquire  fresh  acid,  and  that  such  acid  waters 
were  always  derived  from  the  peat,  led  to  a  prolonged  study  of  the 
bacteriology  of  peat  soil  and  the  effect,  as  regards  acidity,  of  the  addition 
of  peat  microbes  to  sterile  neutral  peat  decoction.  In  brief,  at  the 
period  referred  to,  the  provisional  conclusion,  or  rather  working  hypo- 
thesis, was  attained,  namely,  that  the  antecedent  cause  of  the  acidity  of 
moorland  waters  was  to  be  sought  for  in  the  peat  itself,  and  that  neither 
the  rain  falling  on  the  peat  nor  the  water  after  it  had  left  the  peat  could 
be  held  directly  responsible  for  the  production  of  acid.  In  this  view  of 
the  case,  the  rain  is  regarded  merely  as  the  agent  necessary,  but  not 
directly  responsible,  for  the  production  of  acid  by  processes  occurring 
in  the  substance  of  the  peat,  and  as  the  vehicle  by  means  of  which'acid 

*  Supplement  by  the  Medical  Officer  to  the   1 7th  Annual  Report  of  the  Local 
Government  Board,  1888. 

t  F-iead  Poisoning  by  Moorland  Waters,  1898-94. 
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substances,  previously  manu&ctured  in  the  peat,  are  washed  into  streams 
supplying  or  contributory  to  the  supply  of  the  waterworks. 

It  has  already  been  shown  that  acid  moorland  waters,  whether  kept  in 
partially  filled  and  not  stoppered,  or  in  CDmpletely  filled  and  st<»ppered 
bottles,  never  show  an  increase  of  their  initial  acidity,  and,  further,  that 
neutralisation  with  sodium  carbonate  and  subsequent  retention  of  the 
samples,  under  different  conditions  of  exposure  to  air,  in  no  instance 
results  in  any  appreciable  re-development  of  acidity.  Acid  moorland 
waters,  kept  in  stoppered  bottles,  with  and  without  the  inhibition  of 
bacterial  growth  by  means  of  alcohol,  show  when  tested,  a  similar  degree 
of  acidity ;  but  if  the  nutritive  power  of  a  peaty  water  is  increased  by  the 
addition  of  sterile  peat  decoction,  then  a  further  development  of  acidity 
may  be  observed  if  to  the  mixture  of  peat  decoction  aud  water  no 
alcohol  be  added  previous  to  such  storage.  These  results  are  shown  in 
Tables  CXLVII.  and  CXLVIII.  They  might  have  been  included  at 
an  earlier  stage  of  the  report ;  but  as  they  involved  questions  of 
bacterial  growth,  it  was  deemed  advisable  to  include  them  in  the 
bacteriological  section  of  the  report. 

Table  OXLVII. 

Showing  the  Besult  as  regards  Acidity  of  keeping  certain  Acid 
Moorland  Waters  in  Stoppered  Bottles,  with  and  without  the 
Inhibition  of  Bacterial  Growth  with  Alcohol. 


Description  of  the  Experiment. 


It 


July  2Srd.  tested  July  80th.  1894  :- 

la.)  SO  cc.  Shipley  water  -f  0  in  stoppered  bottle  with  air  space 
(b.)       ,.       „       H  +5  cc.  absolute  alcohol     .,  » 

July  24th,  tested  August  6th.  1804  :— 
la.)  60  cc.  Mossley  water  +  0  in  stoppered  bottle  with  air  space 
(b.)        M       M       »  +  S  C.C  absolute  alcohol    „         „ 

July  SOtb.  tested  August  18th.  1804:— 
(a.)  60  cc.  Shipley  water  4-  0  in  strippered  bottle  with  air  space 
(6.)        M       »       ••  +  A  cc  absolut«  alcohol       ,. 

July  Slst,  tested  August  ISth.  1894:— 
la.)  60  cc  Shipley  water  4-  0  in  stopppred  bottle  with  air  space 
(A.)         „       ..       *.  +6  cc.  absolute  alcohol     „  „ 

August  6th.  tested  August  18th.  1894  :— 
la.)  60  cc.  Shipley  water  +  0  in  stoppered  bottle  with  air  space 
lb.)        ,.       »       >.  -f  6  C.C  absolute  alcohol     ,.  .. 

August  7th.  tested  August  18th.  1894  :— 
(a.)  60  cc  Mossley  water  +  0  in  stoppered  bottle  with  air  space 
\h.)  -¥  6  cc  absolute  alcohol    „  .. 

August  18th,  tested  August  SSrd,  1804:— 
la.)  60  cc  Shipley  water  +  0  in  stoppered  bottle  with  air  space 
(6.)        „  ..  +6  cc  absolute  alcohol     ..         .. 

August  14th.  tested  August  28rd.  .1894 :-  . 

la.)  60  CC  Mossley  water  +  0  m  stoppered  bottle  with  air  space 
6.)         .,       M       ,.  +6  cc  absolute  alcohol       .,       .. 


\i 


Acidity  in  Terms 

of  cc  ^NasCOi 

required  to  neu- 
tralise 100  cj^ 
of  the  Water. 


(6.)  ra 

ia.)  0-6 
\b.)  0-6 

la.)  V% 
\b.)  1-1 

(o.)  0-6 
lb.)  0-6 

|S:J  W 

la.)  0*C 
\b.)  0*6 

lf:{  W 


(a.)  0-6 
(ft.)  0-6 


It  will  be  noted  that  Shipley  and  Mossley  waters,  kept  in  stoppered 
bottles  (a)  with  and  (6)  without  the  inhibition  of  bacterial  growth  with 
alcohol,  gave  on  testing  the  same  results  as  regards  acidity  under  (a) 
and  (6)  conditions. 
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Table  CXLVIII. 

Showing  the  Epiisct  (as  regards  Acidity)  produced  by  increasiDg  the 
nntritive  power  of  Settle  Peat  Pool  Water  with  Peat 
Decoction. 

[The  control  experiment  was  obtained  by  inhibiting  the  growth  of 
roicrobes  with  alcohol.] 


I  In 
of  Acidity 


Deacrlptioii  of  Experiment. 


°»«°*-   Acidity. 


c.c.-Na/}0, 

required  to 
neatnliae. 


K 

K 


B. 


of  C.C. 

required 
toneu- 
tndifle 
100  cc 
ofUie 

liquid. 


50  ex.  Settled 
peat    pool  I 

water  +  10  I  A +5  ex.  alcohol 
C.C.  sterile  fB+ no  alcohol 
peat      de- 1 
ooction.     J 


in  atoppered 
bottle  with 
an  air 
space. 


1    18M.       18M. 
'  Jan.  29  Feb.  10 


0*84 


1-80 


0-96 


Feb.  14 


Mar.  2 


,.     24 

..     28 

Mar.  6 

M         8 


9      » 

19  M 


I  June  6 '  June  0 


0*48 

0*54 

o*ia 

0-42 

0*84 

0-84 

0-48 

1-66 

,      **1« 

0-48 

roo 

1*04 

0*30 

030 

1      0*00 

O'Se 

0*86 

1      0-00 

0-90 

0*72 

0*84 

A  distinct  oloudineas  always  devdluped  in  B,  but  never  in  A  (control experiments). 
Immediately  before  testini;  the  acidity.  6  cc  alct^ol  were  added  to  B,  so  that  B  might  fairly 
be  compared  with  A. 

The  results  show  that  increasing  the  nutritive  power  of  Settle  Peat 
Pool  water,  by  the  addition  to  the  water  of  sterile  peat  decoction, 
resulted  usually  in  an  increase  of  the  amount  of  acid  in  the  water.  This 
fact  was  judged  by  comparison  with  experiments  similar  in  all  respects, 
save  that,  to  inhibit  bacterial  growth,  alcohol  was  added  to  the  water.  The 
results  seemed  to  indicate  that  biological  considerations  were  possibly 
involved  in  the  production  of  acid,  and,  fhrther,  that  the  reason  why 
moorland  waters  failed,  on  keeping,  to  increase  their  initial  acidity,  was 
due  to  their  having  ''  become  divorced  from  the  peat."*  As  Mr.  Power 
explained,  in  his  1893  report,  the  several  lines  of  work  interlaced  at 
various  point-i,  and  many  of  them  were  pursued  concurrently.  The 
following  sequence  of  description  doe^  not  therefore  necessarily  imply 
chronological  sequence  of  procedure.  It  is  convenient  in  the  first  case 
to  consider  two  tables  (CXLIX.  and  CL.)  which  deal  with  the  effect,  as 
regards  acidity,  of  adding,  in  minute  amount,  moorland  waters  to  sterile 
peat  decoction. 


♦  See  page  343  of  Mr.  Power's  report,  **  Lead  Poisoning  by  Moorland  Waters," 
report  of  the  Medical  Officer,  Local  GoTemment  Board,  1893-94. 
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Table  CXLIX. 


Showing  the  Result,  as  regards  Acidity,  of  Inoculating  Stebile 
Peat  Decoction  with  Minimal  Quantities  of  Moorland 
Watbbs. 


Description  of  the  Experiment. 


July  SOtb,  tested  Anffost  Ttb,  18M:— 
(a.)  10  ca  sterile  peat  deooction+0  in  test  tube.    Control 

experiment. 
„  „        4-0*09  O.C.  Shipley  water   - 


(A) 


Joly  3i8t»  tested  August  7th,  1894  :— 
(a.)  10  C.C.  sterile  peat  deooction+0  in  tcbt  tube.    Control 

experiment. 
.,  „        +0*09  C.C.  Mossley  water  - 


AuKUSt  6tb.  tested  August  16th,  1894  :~ 
(a.)  10  0.0.  sterile  peat  deooction+0  in  test  tube.    Control 

experiment. 

!b.i       m  «  M        +0*09  C.C.  Shipley  water  - 

;e.)       MM 
d,)  m  W  M  •»  »»  M 

Aognst  7th,  tested  August  14th,  1894  :— 
(a.)  10  CO.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment, 
(ft.)       „  »  „        +0'09  C.C.  Kossley  water  - 

M  urn  n  ,*  »  M 

Angost  ISth.  tested  August  18th,  1894  :— 
(a.)  10  CO.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
(b.)       „  „  „        +0*1  CO.  Shipley  water     - 

(C.)  M  M  If  >•  "  » 

August  14th.  tested  August  18th,  1894:— 
(a.)  10  CO.  sterile  peat  deooction+0  in  test  tube.    Control 

experiment. 
„  „        +0'1  c.c.  Mossley  water    - 


i^} 


August  81st,  tested  August  28th.  1894  :— 

(o.)  10  c.c.  sterile  peat  decoction+0  in  test  tube.    Control 

experiment. 
(6.)       „  „  „        +0*1  c.c.  Shipley  water    - 

(<?•)  M  M  »f  n  n  »• 

August  88nd«  tested  August  28th.  1804  :— 
(a.)  10  cc.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment, 
(ft.)       H  ..  n        +0*1  c.c.  Mossley  water   • 

(Cw)  MM  M  M  M  M 

August  25th,  tested  September  Ist,  1894  :— 
(a.)  10  cc.  sterile  peat  decoction+0  in  test  tube.    Control 

experiment, 
(ft.)       „  „  „        +0*1  cc.  Fletchei's  dyke 

water  (feeder  Mytholmroyd  Beservoh*.    Morley  water 
supply). 

August  85th.  tested  September  1st,  1894  :— 
(a.)  10  cc  sterile  peat  decoction+0  in  test  tube.    Control 

experiment, 
(ft.)       MM  »        +0*1  cc.     Jack     Clough 

water  (feeder  Mytholmroyd  Reservoir.     Morley  water 
supply). 

B     98614. 


Reaction 

with 
Lacmoid. 


Acidity 
in  Terns 

of  CO. 

l^NasCO 

required 
to  neu- 
tralise 
100  cc  of 
the 
Liquid. 


Neutral 
?  Trace  acid 


Neutral 
?  Trace  acid 


Neutral 


Neutral 


Neutral 


Neutral 


Neutral 

Distinctly 
acid. 


Neutral 

Distinctly 
add. 


Neutral 

Distmctly 
acid. 


Neutral 

Distinctly 
acid. 


A  A 


1-2 

9*6 
8*6 
8-f 


1-2 

2'4 
8*6 
2*4 


1*2 

3*6 
8*6 
8*6 


1*2 


3*6 
8*6 


1*2 


2*4 
2*4 


1*2 


1*2 
1*8 


1*2 
4*8 
4*8 

1*2 
4*8 

4*8 

1*2 
4*8 

1*2 
4*8 
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Table  CXLlX.^continued. 


Deflcriptiou  of  the  Bzperimcnt. 


Bfiaction 
Ltcmoid. 


Acidity 

in  Terms 
of  e.c 

'required 
tonea- 
traliae 

100  ex.  of 

the 

Liquid. 


11 


12 


13 


14 


16 


16 


17 


18 


19 


90 


SI 


Ki 


iil 


August  SSth,  tested  September  Ut,  1804  :— 
(a.)  10  cc.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
(b.)       „  „  .,        +0'lc.c.Within*8  Stream 

(feeder  Mytholmroyd  Reservoir.    Morley  water  supply). 

Aofnist  26th,  tested  September  Ist,  1804  :— 
(a.)  10  cc.  sterile  peat  decoction+0  in  test  tube.    Contr3l 

experiment. 
{b.)       „  H  ..        -I-O*!  cc    Mytholmroyd 

Keservoir.    Morley  water  supply. 

August  2801,  tested  September  4th,  1804  :— 
(a.)  10  cc  sterile  peat  decoction +0  in  test  tube    Control 

experiment. 
(6.)       „  „  „        +0*lc.c.  Shipley  water    - 

(C.)  „  „  M  ,«  „  M 

August  28th.  tested  September  4th,  1894  :— 
(a.)  10  CO.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
M  M        +0*1  cc  Mossley  water  - 


^(^:1 


September  lllh.  tested  September  24th.  1894  :— 
(a.)  10  cc.  sterile  peat  decoction  40  in  test  tube.    Control 

experiment. 
„  „        +0*1  cc  Shipley  water    - 


(ft.) 


September  11th.  tested  September  24th.  1894  :— 
(a.)  10  cc.  sterile  peat  decoction +0  in  test  tube.    Ck>ntix>l 

experiment. 
(b.)       „  „  „        +0']  cc  Mossley  water    - 

NovWber  13th.  tested  November  26th.  1894  :-- 
(a.)  10  CO.  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
(6.)       „  „  M        +0*1  cc  Shipley  water    - 

November  ISth,  tested  November  26th,  1804  :— 
(a.)  10  cc  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
(6.)       ..  „  „        +0'1  cc.  Mossley  water   • 

November  20tb.  tested  November  26th.  1894:— 
(a.)  10  cc  sterile  peat  decoction+0  in  test  tube.    Control 

experim<mt. 
(6.)       „  „  „        +0*1  cc  Shipley  water    - 

November  20th.  tested  November  28th.  1894  :— 
(a.)  10  cc.  sterile  peat  decoction+0  in  test  tube    Control 

experiment. 
(6.)       „  „  ,.        +0*1  cc.  Mossley  water   - 

November  24th.  tested  December  13th,  1894:— 
(a.)  10  cc  sterile  peat  decoction+0  in  test  tube.    Control 

experiment. 
(6.)       „  „  M        +0'lcc.  Dimford  Bridge 

Reservoir  water. 
Dewsbuiy  water 
supply. 
M       „  »  „  »  .,  ., 

November  26th,  1894.  tcAted  January  31st,  1895  :— 
{a.)  10  cc.  sterile  ptiit  decoction+O  in  test  tube.    Control 

experiment. 
(b.)       „  ,,  „        +0*1  cc.  Shipley  water    - 

(c.)       „ 
November  28th,  1894,  tested  January  3lst.  1895:— 
(o.)  10  cc  sterile  peat  decoction +0  in  test  tube.    Control 

experiment. 
(h.\       ,.  „  ,,        -f  0*1  cc  Mossley  water    - 

M 


Neutral 

Distinctly 

acid. 


Neutral 

Distinctly 
acid. 


Neutral 

Distinctly 
acid. 


Neutral 

Distinctly 
acid. 

Neutral 
?  True  acid 

Neutral 

Acid 
>* 

Neutral 

Acid 

Neutral 
Acid 

Neutral 
Acid 

Neutral 

Acid 

Neutral 

Distinctly 
acid. 


Neutral 


Neutral 
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It  is  to  be  noted  that  the  addition  of  moorland  waters,  always  in 
minute  amount,  and  obtained  from  different  gathering  grounds,  to  sterile 
peat  decoction  not  uncommonlj  led  to  the  production  of  acid.  These 
results  led  to  the  inference  that  moorland  waters  ai-e  apt  to  contain 
bacteria^  probably  derived  from  the  peat,  capable,  when  brought  in 
relation  with  sterile  peat  decoction,  of  generating  acid  therein. 


Table  CL. 

Showing  the  Result,  as  regards  Acidity,  of  Inoculating  Sterile 
Peat  Decoction  containing  1  per  cent.  Glucose  with  Minimal 
Quantities  of  a  Moobland  Water. 


Acidity 

in  Terms 

of  cc. 

Reaction 

JoNa.CO, 

1 

Description  of  the  Experiment. 

with 

needed 

lAcmoid. 

toneu- 

trahse 

s 

lOOccof 

^ 

the 

H 

Liquid. 

1 

January  2l8t,  tested  Januarv  28th.  1886  :— 

Neutral 

1*2 

glucose  +  0  in  test  tube.    Control  experiment. 

(ft.)  10  C.C.  sterile  peat  decoction,  containing  1  per  cent. 

Acid 

2-4 

glucose  +0*  1  C.C.  Shipley  water. 

(c.)  10  CO.  sterile  peat  decoction,  containing  1  per  cent. 

Acid 

2*4 

glucose  +0*  1  c.c.  Shipley  water. 

2 

January  29th,  tested  February  4th,  1895  :— 
(a.)  10  ex.  sterile  peat  decoction,  containing  1  per  cent. 

Neutnil 

2*4 

glucose  +0  in  test  tube.    Control  experiment. 

(6.)  10  c.c.  sterile  peat  decoction,  containing  1  per  cent. 

Neutral 

2-4 

glucose  +0*1  C.C.  Shipley  water. 

(r.)  10  C.C.  sterile  peat  decoction,  containing  1  per  cent, 
glucose  +  O'l  c.c.  Shipley  water. 

Acid 

4*8 

8 

February  6th,  tested  February  12th,  1895  :— 

(a.)  Same  as  (a).  Experiment  1             .... 

Neutral 

2*4 

(6.)        „       (bh           n                    .... 

Acid 

8*4 

4 

February  12th.  tested  February  19th,  1895  :— 

a.)  Same  as  (a).  Experiment  1             .          .          .          . 
ib.i        ..       (6),           „                     ... 

Neutral 

2*4 

Acid 

7*2 

6 

February  19th,  tested  March  6th.  1895  :- 

(a.)  Same  as  (a).  Experiment  1            -          -          .          , 

Neutral 

2*4 

Acid 

6*0 

6 

March  6th,  tested  March  14th,  1895  :— 

(a.)  Same  as  (a).  Experiment  1            .... 

Neutral 

2*4 

\b.)        „       lb).           „                    .... 

Acid 

10*8 

A  similar  result  was  obtained  when  peat  decoction  containing  glucose 
was  used  as  a  medium  ;  but  here  the  results  are  not  so  significant  as 
when  peat  decoction  alone  was  employed  for  cultural  purpose?. 

Later  on  in  the  investigation  the  experiments  set  forth  in 
Table  CXLIX.  were  repeated,  but  a  larger  bulk  of  the  peat  decoction 
was  used  for  cultural  purposes,  so  as  to  admit  of  the  liquid  being  tested 
for  plnmbo-solvency  as  well  as  for  acidity.  The  results  are  shown  in  the 
table  (Table  CLI.)  following. 

A  A   2 


Digitized  by  VjOOQIC 


372 


Table  CLI. 


Showing  the  Result,  as  regards  Acidity  and  Plumbosolyent  ABiLirry 
of  inoculating  Sterile  Peat  Decoction  with  Minimal  Quantitiss 
of  Certain  Moorland  Waters. 


Description  of  the 
Eiperiment. 


Acidity 

in  Terms 

of  C.C. 


Reaction  io^*^^* 


with 
Lacmoid, 


required 
to  neu- 
tralise 

100  C.C.  of 
theWster. 


Action  on  Lead  (Results  stated  as  Parts  par 
100,000).  The  action  ou  Lead  was  tested  by 
means  of  upward  filtration  through  60  ce. 
washed  Lead  Shot  at  the  rate  of  S  mine,  par 
60c.c. 


1st 
60  o.c. 


2nd 
60C.C 


8rd 
60  ex. 


4th 
60  ex. 


6th 

iOcX. 


ATerac** 


lA. 


IB. 


ic. 


ID. 


CA. 


IB. 


2C. 


600  CO.  sterile  peat 
decoction  <(-  0.  Con- 
trol experiment. 
March  llth.  1S96. 
tested  March    20th. 


600  CO.  sterile  poat 
decot:tion  +0*85  c.c. 
water  from  acid  peaty 
feeder  to  Lani^den 
Brook  ( Preston  Water- 
works). March  llth. 
testKl  March  2t)th. 
1896. 


600  c.c.  sterile  peat 
decoction  +  0*9  c.c. 
water  from  Lanicden 
Brook  (PreetonWater- 
works).  March  llth. 
tested  March  20th, 
1896. 


600  c.c.  sterile  peat 
decoction  +  1  c.c. 
water  from  Stony 
Clough,  \*'hitendale 
Valley  ( Blackburn 
Waterworks).  March 
UXh,  tested  March 
20th,  1896. 


600  C.c.  sterile  peat 
decoction  +  0.  Con- 
trol  experiment. 
March  20th.  tested 
April  4th.  1896. 


600  c.c.  sterilo  peat 
decoction  +  0*85  c.c. 
water  from  Poaka 
Bock  Reservoir 
( Barrow-in  -  Furncss 
Waterworks).  March 
20th.  tested  April 
4th,  1S96. 


500  c.c.  "ferile  peat 
decoctit  ft  +  0*86  c.c. 
water  from  inlet  to 
Maindon     Reservoir 

iSTrindi  n  Brook) 
turn  ley  Waterworks. 
March  27tls  tested 
April  4th.  i896. 


I 


Neutral  < 


0-4 


00 


0-0 


I 
V.  ft.  acid       1-2 


V.  ft.  acidi       1-0 


0-0 


Traces. 


0-0 


0*0 


0*00 


0-8 


V.  ft.  acid 


Neutral 


?  Neutral 


?  Neutral 


0*3 


1-2 


0*9 


0-3 


0-3 


0*90 


Traces. 


0-0 


0-9 


0-0 


0-25 


00 


0-26 


0-9 


00 


0-25 


0-0 


0-0 


0-23  '    0-23 


0*00 


0*25 


Traces. 
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Table  CLI. — continued. 


^ 

Description  of  the 
Experiment. 

B«action 

with 
Lacmoid. 

Acidity 

In  Terms 

of  CO. 

3N..CQ. 

required 
toneu- 
tralise 

100  cc  of 
theWater. 

Actior 
100,C 
npw 
Lea< 
BOc 

Ist 
50  cc 

I  on  lead  (Besulto  stated  as  Puts  per 
KM)).    The  action  on  Lead  was  tested  by 
ard  Filtration  through  50  cc  washed 
1  Shot  at  the  rate  of  S  mins.  per 
c. 

M 

2nd 
60  CO. 

3rd 
60  cc 

4th 
60  cc 

6th 
50  CO. 

Average. 

2D. 

SA. 
tB. 

tc. 

600  cc  sterile    peat 
decoction  +  0'9  cc 
water    from     Cant 
Cloagh  Beck,  Bom- 
ley        Waterworks. 
March  27th,  tested 
April  4th,  1896. 

600  cc   sterile    peat 

trol  experiment. 
March   Slst,   tested 
April  11th,  1886. 

600  cc.  sterile    peat 
deooction     +     0*86 
cc      water      from 
Sbeephouse    Clough 
Beeerroir      (Bacup 
Waterworks).  March 
Sltt.    tested     April 
nth.  1896. 

600  cc   sterile    peat 
deooction  +  0*9  cc 
water  fh)m   inlet  to 

Reservoir       (Bacup 
Waterworks).  March 
Slst,    tested     April 
nth.  1896. 

?  Trace 
acid. 

Neutral 
?  Neutral 

V.  ft.  acid 

1-6 

0-8 
0-9 

1*2 

0-4 
O'O 

0-4 
O'O 

0*4 

0-0 
?TnM! 

Trac 

0-4 

0-0 
es. 

0-4 
0-0 

0-40 
0-00 

The  results  were,  on  the  whole,  confirmatoiy  of  those  detailed  in 
Table  CXLIX. ;  but  the  acidity  produced  was  usually  slight  in  amount, 
and  the  solvent  action  on  lead  by  no  means  well  marked.  Still,  there 
could  be  no  question  that  the  peat  decoction,  as  the  result  of  its  inocula- 
tion with  minimal  quantities  of  moorland  water,  developed  occasionally 
appreciable  acid  and  plumbo-solvent  properties. 

Next  to  be  connidered  is  a  number  of  tables  which  show  the  results, 
as  regards  acidity,  of  inoculating  with  a  mixture  of  peat  microbes  sterile 
peat  decoction  alone,  peat  decoction  plus  peptone  and  salt,  peat 
decoction  plus  cane  sugar,  and  peat  decoction  plus  glucose.  The  most 
important  of  these  experiments  were  the  series  in  which  peat  decoction 
unmixed  with  any  other  ingredient  was  used  for  cultural  purposes.  It  is 
convenient  to  consider  these  in  the  first  place. 
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Table  CLII. 


Showing  the  Results  of  Inoculation  of   Sterile  Peat  Decoction 

with  a  Mixtube  of  Peat   Micro-organismb.    34    ezperimeDts 

with   28    samples  of  peat  soil,  and    50  inoculations    of   sterile 
peat  decoction. 

[The  samples  of  peat  soil  were  obtained  from  the  Bentham  (Bammoor) 
gathering  gi*ounds.     (Page  1,  Vol.  I.)] 


l>etori|»tion  of  the 
Bzperimenti. 


Deioription  of  the  Peftt  Soil  Mixture 
and  for  the  Inoculations. 


Amount  of 

BUution 

of  the 

Peat  Soil 

With  Sterile 

Water. 


ATenge 

Ko.^ 

Germi 

contained 

In  the  Sou 

Mixture. 


Moisture 
in  the 

Sample 
of  Soil. 


Remarks. 


ggperimetU  No.  1.  4 
tnbet  containng 
sterile  peat  decoction 
inoculated  each  with 
0*04  O.C.  soil  mixture. 
Incubated  30^  0.  1 
control.  September 
S0th,1803. 


Bxperiment  No.  2.  4 
tubes  (a,  b,  e,  d)  con- 
taininifp  sterile  peat 
decoction  inoculated 
each  with  0*056  c.c. 
soil  mixture.  Incu- 
bated 30°  C.  1  con- 
trol. September  30th, 
1S03. 


ExperimerU  No.  3.  2 
tubes  (a.  6)  oontciin- 
ing  sterile  peat  de- 
coction inoculated 
each  with  0*04  c.c 
soil  mixture.  Incu- 
bated 30°  G.  1  con- 
trol. October  5th, 
1898. 


Bxperimene  No.  4.  2 
tubes  (a.  b)  contain- 
ing sterile  poat  de- 
coction inoculated 
each  with  0'066  c.c. 
soil  mixture.  Incu- 
bated 90°  C.  1  con- 
trol. October  Bth, 
1883. 


10*502  grms. 
soil  in  500  ex. 
sterile  water. 


3*61  grms. 
soilinSOOcc. 
sterile  water. 


8'908grms. 
soilinSOOcc. 
sterile  water. 


0*362  grms. 
soil  in  600  cc. 
sterile  water. 


96  germs 
in0*94o.c 


Percent. 
71 


60 
in  0*056  C.C. 


70 


150  germs 
in0'04c.c 


61 


177  germs 
in0'066c.c. 


Tested  llth  and  19ih 
Ootaber  Mn,  with 
negMtee*  results. 
Lacn^d.  litmus, 
phenol  •  phthslein 
used  as  indicators. 


14th  October,  1893.  a, 
and  b.  nec^iTC  re- 
sults with  lacmoid 
and  litmus.  19th 
October  1883,  e  and 
d  negatiTC  results 
with  lacmoid  and 
litmus,  6  cc.  titra- 
ted with  ^Na.OO» 

and  phenol-phtha- 
lein.  Control,  0*S4 
cc. ;  sample  c.  0*8 
cc. ;  sample  d,  0*41 


20th     October    1893. 

Sample  a  negative 

Sample  b 


nple 

nft. 


titrated  with 


10 


NaaOOb  and  lacmoid. 
Control,  6  cc,  re- 
quired 0*84  CO.,  and 
sample  b,  0*38  ou). 


aoth  October  1868. 
a  and  b  negatiTc 
rewlts  with  litmus 
and  lacmoid.  With 
phen  )l-phihalein*  a 
negatiTC  result,  b 
required    0*18    ox. 

^Na,GO|  as  against 

0*11    cci   control, 
6  c.c.  in  ea  ' 


as  0*8 
6  =  0*0 
e  =  0*8 
(is  0-0 


a  =  0*0 
6  =  0*0 
c  =  l-l 
<1  =  8'6 


0=0*8 
6=1*4 


«  =  0*8 

6=1*2 
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Table  CLII. — continued. 


{ Description  of  the 
Bxperimonts. 


.e»perimetU  No.  6.  1 
tube  (a)  corlaixiing 
■terilepeat  ddcoction 
inoealated  with  0*04 
e.c.  toil  miittm.  In* 
enbated 30° 0.  loon. 
troL    October   lltli. 


Bjtperiment  No.  6.  1 
tabe  (a)  containing 
■terilepeat  decoction 
inoculated  with  0>0fi6 
ce.  soil  mixture.  In- 
cabated  S0°  C.  1  con- 
trol.    October  11th, 

Experiment  No,  7.  2 
tabes  (a.  b)  csonlain- 
ing  sterile  peat  de- 
coction inoculated 
cmA  withO-Mccsoll 
mixture.  Incubated 
W  C,  1  control. 
October  I8th,  1893. 


Sxperiment  No.  8.  2 
tubes  {a,  b)  contain- 
ing sterile  peat  de- 
coction inoculated 
each  with  0*056  o.c. 
soil  mixture.  Incu- 
bated 90»  C.  1  con- 
trol. October  18th, 
188S. 


Brperiment  No.  0.  1 
tube  (a)  containing 
sterile  poat  deooc 
tion  inoculated 
with  CM  C.C.  soil 
mixture.  Incubated 
«P  C.  1  control. 
October  18th.  J88S. 
UL  different  peat 
oeooction  to  that 
used  in  Experiment 
7.) 

JBxperiment  No,10.  1 
tube  (a)  containini; 
sterile  peat  decoc- 
tion inoculated 
with  0*066  CO.  soil 
mixture.  Incubated 
»•  C.  1  control. 
October  18th.  1893. 
(A.  different  peal 
decoction  to  that 
used  in  Experiment 
No.  8.) 


Desoriptiou  of  the  Peat  Soil  Mixture 
used  for  the  Inoculations. 


Amount  of 
DUution 

of  the 

Peat  Soil 

with  Stenle 

Water. 


6*068  grms. 
soil  in  600 cc. 
sterile  water. 


soil  in  600  ac. 
sterile 


Aversge 
No.  of 

Germs 
contained 
in  the  Soil 

Mixture* 


80  germs 
in  0*04  cc. 


6*706  grms. 
■oil  in  600  cc 
sterile  water, 


6*61  grms. 
soil  in  600  cc 
sterile 


6*766  grms. 
soil  in  600  cc 
sterile  water. 


6*51  grms. 
soil  in  600  cc 
sterile  water. 


68  germs 
in0'066cc 


88  germs 
in  0*04  cc. 


Moisture 
in  the 
Sample 
of  Soil. 


Semsrki. 


Percent. 
81 


64  germs 
in  0*066  cc. 


88gerlDs 
in  0*04  cc 


64  germs 
in  0*066  cc 


81 


79 


76 


79 


76 


20th  October  1898. 
Laomoid  and  litmus' 
nertktive  '  tesnlts. 
Titrated  with  phe- 
nol-phthaJein<  6  cc, 
control  0*18  cc, 
sample  a,  0*84  cc 

20th  October  1808. 
NeAtire  results 
wito  lacmoid,  litmus, 
and  phenol  -  phtha- 
lein. 


26th  October  1898. 
Sample  a»  negative 
rebults.  Sample  6. 
5  c<c.  with  phenol- 
phthalein  0*24  cc 
as  against  0*06  cc. 
controUand  with  lac- 
moid 0*12  IS  against 

0*0 


control  -5 
10 


cc 
Na^Ot. 


26th  October  1893. 
6  cc  with  phenol- 
phthalein.  sample  a, 
0*12 :  sample  ft. 
0*18;   control.  0*06 

cc  ^Na,0O*.  2o.c 

with  lacmoid,  sample 
a,  0*0;  sample  6, 
0*06 ;  control  0*0  cc 

23rd  October  1893. 
6  cc  w^th  phenol- 
phthalein,  sample  a. 
0*24;    control.  0*06 

cc.^NsiGOa.  4cc 

with  lacmoid.  sam- 
ple a,  0*18;  control, 

0*0  cc  j^  NagCOi. 


23rd  October  1893. 
6  cc.  with  phenol* 
phthalein,  sample  a, 
0*12;  control,  0*06 

cc^NaaOO^.  6c.c 

with  lacmoid ;  sam- 
ple a,  0*12;  control. 

O'O  cc  j^  NatCOs. 


a  =  1'2 


a  =  0*0 


a'=0'0 
6  =  8*0 


a  =1-8 
6  =2*7 


a  =  4*0 


a  =  1*8 
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Table  CLII. — eontinued. 


•12  J  ^ 


DMcription  of  the 
Sxperiments. 


Description  of  the  Peat  Soil  Mixture 
used  for  the  Inooulstioni. 


Amount  of 
Dilution 

of  the 

FtetSoil 

with  Sterile 

Water. 


N0.0I 

Germs 

contained 

in  the  Soil 

Mixture. 


Moisture 
in  the 
Sample 
of  Sou. 


JS»perimeniIfo.U.  S 
tubes  (a,  6)  con- 
taining sterile  peat 
decoction  inocu- 
lated each  with 
0'04  ox.  soil  mix- 
ture. Incubated 
90<*  C.  1  control. 
October  25th.  1893. 


Sxperim«ttKo.li,  2 
tubes  (a,  b)  con- 
taining sterile  peat 
decoction  inocu- 
lated each  with 
0'066  CO.  soil  mix- 
ture. Incubated 
90^  C.  1  control. 
October  26th,  188S. 


JBxperimsnt  No.19,  1 
tube  (a)  containing 
sterile  peat  decoc- 
tic>n  inoculated 
with  0'04  c.c.  soil 
mixture.  Incubated 
IV*  C.  1  control. 
November  Ist,  1889. 


Sxperiment  No.  14.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  O'OSS  cc.  soil 
mixture.  Incubated 
n"  C.  I  control. 
November  Ist,  1883. 


JBxperimentNo.Mi.  I 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0'04  cc.  soil 
mixture.  Incubated 
90"  0.  1  control. 
November  Ist,  189S. 

J  A  different  peat 
lecoction  to  that 
used  in  Experiment 
18.) 


Experiment  NoAS,  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0'036  cc  soil 
mixture.  Incubated 
30*  0.  1  control. 
November  Ist,  1889. 
(A  different  peat 
decoction  to  that 
used  in  Bxperiment 
14.) 


4*894  grms. 
soil  in  600  cc. 
sterile  water. 


60  germs 
inO*04c.c. 


6*  745  grms.  789  germs 
soil  in  600  cc. ;  in  0*056c.c 
sterile  water. 


6-875^ 
soil  in  600  cc. 
sterile  water. 


11 '169  grms. 
soil  in  600  cc 
sterile  water. 


6*876  grms. 
soil  in  600  cc. 
sterile  water. 


246  germs 
in  0*04cc. 


11*160  grms. 
soil  in  600  cc 
sterile  water. 


144  germs 
in0'u36c.c. 


246  germs 
in  0*04  CO. 


144  germs 
in  0*095  cc 


Per  cent. 
76 


74 


87 


80 


87 


9lst  October  1889. 
Negative  resolts 
with  phenol-phtha- 
lein  and  lacmoid 
as  indicators. 


4th  November  1883. 
Negative  result* 
with  phenol-phtha- 
lein  and  lacmoid 
as  indicators. 


6th  November  1889. 
Neoative  results 
with  lacmoid;  6cc 
with  phenol-phtha- 
lein;  sample  a.  1*02 
cc ;  control,  0*06  cc 


foNa*00,. 


6th  November  1899. 
Negative  results 
with  lacmoid;  6c.c 
with  phenol-phtha- 
lein  ;  sample  a,  1'2 
cc;  control,  0*66  cc 

l^NstCO,. 


18th  November  1889. 
Negative  results 
with  lacmoid  and 
phenol  -  phthalein 
as  indicators. 


»-7'l 


a  B  11 -S 


18th  November  1883. 
Negative  result 
withlaomoids  4cc 
with  pbenol-phtha- 
leiu ;  sample  a,  0*16 
cc ;  oontnd,  8*18  cc 

Sns.00». 


a  B  0*0 


as  1*6 
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Table  CLII. — continued. 


BeKription  of  the 
Ezperinentt. 


Description  of  the  Peat  Soil  Mixture 
uaed  for  the  InoouIatioiiB. 


Anioant  of 

Dilution 

of  the 

FtetBoil 

with  Sterile 

Water. 


Average 

No.  of 

Germs 

contained 

in  the  Soil 

Mixture. 


Moisttuv 
in  the 
Sample 
of  Soil. 


Remarks. 


Experiment  No.  17.  1 
tube  (a)  oontaining 
•terile  peat  decoc- 
tion inoculated 
with  O'M  e.c.  soil 
mixtora.  Incubated 
ao»  C.  1  control. 
November  8th,  1893. 


Experiment  No.  IS.  1 
tube  (a)  oonudning 
sterile  peat  decoc- 
tion inoculated 
with  0*086  c.c.  soil 
mixture.  Incubated 
ao*"  C.  1  control 
Norember  8th,  1888. 


Experiment  No.  19.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0-036  C.C.  soil 
mixture.  Incubated 
80*"  0.  1  control. 
November  16th, 
1888. 


'Experiment  No.  20.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0*04  c.c.  soil 
mixture.  Incubated 
80*  C.  1  control. 
November  16th, 
1883. 


Experiment  No.  21. 1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  6*04  C.C.  soil 
mixture.  Incubated 
8QP  0.  1  control. 
Norenber  find, 
1888. 


18*766  grms. 
soil  in  600  CO. 
sterile  water. 


4*233  grms.  7  germs  in 
soil  in  600  c.c.  0*035  c.c 
sterile  water. ! 


141  germs 
in0'04c.c. 


Per  cent. 
88 


82 


8*026  grms. 
soil  in  500  c.c. 
sterile  water. 


103  germs  in 
0*035  c.c. 


6*292  grms. 
soil  in  500  CO. 
sterile  water. 


6*446  grms. 
toil  in  500  c.c. 
sterile  water. 


74 


31  germs  In 
0*04  c.c. 


91 


71  germs  in 
0'C4c.c. 


71 


28rd  November  18BS. 
6  c.c.  with  phenol- 
phthalein  and  with 
lacmoid ;  sample  a, 
0*18  cc;    control, 

0*12  cc.  j^  NaaCOi. 


November  24th,  1888. 
6  cc  with  phenol- 
phthalem,  sample 
a,  0*18  CO. ;  control, 

012C.C  ^Na,00a. 

6  cc  with  lacmoid. 
sample     a,     0*18; 

control,  0*0   5.Ns« 

CO,. 


November  841  h.  1888. 
6  cc  with  phenol' 


phthalein, 
a,0'18cc; 


sample 
control. 


012CC  ^NstCOa. 

6  CO.  with  lacmoid, 
sample  a.,  0*18  cc; 

control,  0*0  cc  Jq 
Na,00a. 


November  84th,  1893. 
6  cc  with  phenol- 
phthalein,  sample 
a,  0*18  cc ;  control, 

01«cc.  jl^NatOO,. 

6  CO.  with  lacmoid, 
sample  a,  0*18  cc. ; 

control,  0*0  cc-^ 

Na,CO,.  ^^ 


December  9th.  1888. 
6  ccwith  phenol- 
phthalein,  sample 
a, 0*18 CO.;  control, 

0*l2cc^Na,OO,. 

2  cc.  with  lacmoid, 
sample  a,0*06cc: 

0*0    c.c^ 


control, 
Na.00, 


aars 


2*4 


'2-4 


a  =  2*4 


a  =  2-1 
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Tablb  OlAI.-^cantinued. 


DMcription  of  the 
Bzperimentti. 


Defcription  of  the  Peat  Boil  Mixture 
used  for  the  InoouUtion. 


Amoant  of 

Dilution 

of  the 

Pest  Soil 

with  Sterile 
Water. 


Afenum 
No.0? 

Gemu 
contained 
in  the  SoU 

Kixtuie. 


Hoietuie 
in  the 
Sample 
ofSoiL 


Bemarki. 


*  Experiment  No.ti.  1  ,  4'297  Rrms. 
tube  (a)  containing  iioil  in  600  c.o. 
flterile  peat  deooc-  iftenle  water, 
tion  inoculated 
with  0*035  C.C.  aoil 
mixture.  Incubated 
20°  C.  1  control. 
Novembor  22nd, 
1888. 


Experiment  No. ^.  1  i  9*18  „ 
tube  (a)  containing  jsoil  In  600  c.c 
gterile  peat  decoc-  sterile  water. 
tion  inoculated  | 
with  0  04  C.C.  ioil  I 
mixture.  Incubated  , 
80*  0.  1  control.  ! 
November  29th, 
180S. 


16  genne  in 
O'OMcus, 


•Experiment  No.  24.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0'086  c.c.  soil 
mixture.  Incubated 
tM)""  G.  1  control. 
KoTember  29th, 
1898. 


Experiment  No.  25.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0'0«  cc.  soil 
mixture.  Incubated 
80^  C.  1  control. 
Deoeml)er  6th,  1893. 


•Experiment  No,  26.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0'086  cc.  soil 
mixture.  Incubated 
30*  0.  1  control. 
December  6th.  1803. 


Experiment No,i!r.  I 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0*04  cc.  soil 
mixture.  Incubated 
^O"  C.  I  control. 
December  13th, 
1893. 


4'04fcrms. 
soil  in  600  cc. 
sterile  water. 


14*336  grms. 
soil  in  600  cc, 
sterile  water. 


6*201  grms. 
soil  in  600  cc 
sterile  water. 


77  germs  in 
0*04  cc 


0  germs  in 
0*036  cc 


204  germs  in 
0'04cc 


16  germs  in 
0036  cc 


11*168  grms. 
soil  in  600  cc 
sterile  water, 


I 


22  germs  in 
0*04  cc 


P«r  cent. 
«7 


82 


87 


64 


71 


10 


December  9th,  1898. 
6  cc  with  phenol- 
plkOalein,  sample 
an  0*18  cc  i  control. 

0*06  cc  ^NagOO,. 

2  cc  with  laemoid. 
sample  a,  0*06  cc; 

control,  0*0 
N%Co,. 

December  18th,  1803. 
Negative  results 
with  lacmoid  and 
phenol  •  phthalein 
as  indicators. 


December  18th,  1808. 
Neaative  results 
With  phenol-phtha- 
lein;  2  CC  with 
laomoid,  sample  a 
0*06    cc.     control, 

0*0  cc  ~  Na«Coa. 


December  22nd,  1893. 
Negative  results 
with  phenol-phtha- 
lein  and  lacmoid  as 
indicators. 


December  22nd,  1898. 
6  cc  with  phenol- 
phthalein.  sample 
a,  0*3  cc.    control, 

0*18c.c^Na*OO.. 
2  cc  with  lacmoid, 


sample  a,  0*18  cc 
control,  0*0 
NaaCO,. 


cc 


10 


January  1st.  1894.  6 
CO.  with  phenol" 
phthalein.  sample 
o,  0*18  cc ;  control, 

0.12  cc-jNaiUO,. 

2cc  with  lacmoid, 
sample  a, 0*06  cc; 
control,     O'O     cc. 

j^NasCO.. 


«2*7 


!  0-0 


a  Si  8*0 


a«0*0 


a  =  5*7 


a  =  «'l 
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Taulk  CLII. — continued. 


Deieription  of  th« 
Biperiments. 


tube  (a)  containing 
•lerilo  peat  decoc- 
tion inoculated 
with  0*OSS  0.0.  soil 
miztura.  Incubated 
ao°  C.  1  control. 
Decomb  er  18th, 
1888. 


tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0*04  0.0.  floil  ; 
miztnrei  Incubated  ' 
8<f  C.     I  control.  ' 
December  aoth, 
18M. 


Description  of  the  Peat  Soil  Mixture 
used  for  the  InocuUtions. 


Amount  of 

Dilution 

of  the 

Peat  Boil 

with  Sterile 

Water. 


7*024  grms. 
soil  in  500  cc. 
sterile  water. 


Germs 

contained 

in  the  Soil 

Mixture. 


Moisture 
in  the 
Sample 

of  Soil. 


Remarks. 


Per  cent. I 
6  germs  in        74       I  Janua 
0*086  CO. 


1st.     1884. 


8*142  grms. 
soil  in  600  cc 
sterile  water. 


28  germs 
in  0*04  cc. 


87 


•BxperimentNo.  80.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion inoculated 
with  0*086  cc.  soil 
mixture.  Incubated 
80»  0.  1  control. 
December  20th, 
1888. 


BxperimmU  No.  81. 
£  tubes  (a,  6)  con- 
taininc  sterile  peat 
deooonon  inoculated 
each  with  0*04  e.c. 
soil  mixture.  Incu- 
bated 80^  C.  1 
control.  December 
mh,  1898. 


Xitp^riment  Ho.  82. 
8  tubes  (a,  b,  c) 
containing  sterile 
peat  decoction  in- 
oculated each  with 
0*04  0.0.  soil  mix- 
ture. Incubated 
80°  0.  1  controL 
December  87th, 
1808.  (A  diflTerent 
peat  decoction  to 
that  used  in  Bz- 
periment  81.) 


8*678  grms.  18  germs  in 
soil  in  600  cc. ,  0'  086  cc 
sterile  water. 


84 


18*987 


e^^  !66germsin 
*"JJ?,2-*-      0*04  cc    ; 


sterile 
water. 


82 


rauary     U.. 

NMatbre  results 
with  i^enol-phtha- 
lein;  s  cc  with 
laemoid,  sample  a, 
0*08    CC;   control, 

0*0  cc.  Jq  NaiGOs. 


January  12th,  1894. 
5  cc  with  phenol- 
phthalein,  sample 
a,0'24cc:  control, 

018  cc  ~  Ns,0O,. 

2  cc  with  laomoid, 
sample  a, 0*08  cc; 
control,     0*0      cc. 


Januaiy  12th,  1894. 
6  cc  with  phenol- 
phthalein.  sample 
a,0*24cc.;  control, 

0*18  cc.  ^NatOOj. 

2  cc.  with  lacmoid, 
sample  a.  0*06  cc; 
control,     O'O      cc. 


ioNe/X>,. 


January  I3th,  1894. 
6  cc  with  phenol' 
phthalein,  sample 
a  and  6,  0'24  cc ; 
control,   0*18     cc. 


,4  NajCOa. 


10 


2  cc 


with  lacmoid,  sam- 
ples a  and  b,  0*12 
cc. ;  control,  0*0  cc. 

^NsjCOa. 

Januaiy  18th,  1894. 
6  cc  with  phenol- 
phthalein,  sample 
a  and  6,  0*18  cc; 
sample  e,  0*18  cc; 
control,    0'12    cc. 

^  NscCOs.     2  cc 

with  lacmoid,  sam- 
ples a,  b,  e,  0*06 
cc. ;  control,  O'O  cc 

^  NstCO,. 


aa8*0 


=  2*1 


a»8*« 
6  =  8*8 


a  a  8*0 
6  =  8*0 
c=i2*l 
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Table  CLII. — continued. 


1 

Description  of  the  Peat  SoU  Mixture 
used  for  the  Inoculations. 

Remarks. 

m 

Description  of  the 
Experiments. 

Amount  of 
Dilution 

of  the 

Peat  Soil 

with  Sterile 

Water. 

Germs 
contained 
in  the  Soil 

Mixture. 

Moisture 
in  the 
Sample 
of  Soil. 

tube  (a)  containing 
sterile  peat  deooc- 

with  0036  cc.  soil 
mixture.  Incubated 
aO°  G.     1   control. 
December        87th, 
1883. 

8  tubes  (a.  b)  con- 
taininc  stenle  peat 
decoction  inoculated 
each  with  0*036  cc. 
soil  mixture.  Incu- 
baAedao^O.   1  con- 
trol. December  27th. 
1883.     (A  different 
peat    decoction    to 
that  used    in    Ex- 
periment 33.) 

7-894  . 

arms,  soil 

}-  meoocc. 

sterile 

water. 

18  germs  in 
0*035  cc. 

Percent 

87    . 

1 

'  January    ISth,    1884. 
6  cc  with  phenol- 
phthalein,     sample 
a,  0*36  cc ;  control, 

0'18  CO.  ^  NaiGQg. 

2  cc  with  lacmoid, 
sample  a,  0*24  cc ; 
control,     0*0     cc. 

January    lSth«    1884. 
6  CC.  with  phenol- 
phthalein,     sample 
a  and  6,  0*18  cc; 
control,    0*12    cc 

^  Na,00,.    2  cc 

with  lacmoid.  sam- 
ple    a,    0*06    cc; 
sampled.  0*12  ex.; 
control.     0*0     cc 

'      l^Na,CO.. 

a  =  7-8 

a  =  2-1 
6  =  8-6 

*  Samples  of  peat  soil  obtained  from  a  little  below  the  surface  level.     In  all  tba  other 
experiments  the  samples  of  soil  were  taken  from  the  surface 
Where  the  different  indicators  give  different  amounts  ot  acidity  the  average  is  taken. 

It  will  be  noted  that  sterile  peat  decoction  alone  (i.^.,  unmixed  with 
any  foreign  ingredient),  when  inoculated  with  a  mixture  of  peat 
microbes,  not  uncommonly  developed  an  acid  reaction.  28  samples  of 
peat  soil  were  subjected  to  experiment.  They  were  all  obtained  from 
the  Bentham  (Bummoor)  gathering  grounds.  The  conditions  of 
experiment  are  fully  explained  in  the  table,  and  need  not  be  further 
considered  here.  Another  series  of  experiments  was  started  in 
January  1894  and  continued  until  August  1 895.  These  experiments  were 
similar  to  those  recorded  in  Table  CLII. ;  but  the  samples  of  peat  were 
obtained  from  Settle  moorland,  and  from  Shipley,  Mossley,  Morley, 
Keighley,  and  Bradford  gathering  grounds.  60  experiments  in  all  were 
carried  out ;  the  results  are  shown  in  Table  CLTII. 
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The  following  table  (Table  CLV.)  is  comparable  to  Table  CLII., 
ezcept  that  1  per  cent,  of  cane  sugar  was  added  to  the  peat 
decoction : — 

Table  CLV. 

Showing  the  Results  (as  regards  Acidity)  of  Inoculating  Peat 
Decoction  (+1  per  cent.  Cane-sugar)  with  a  Mixture  of  Peat 
Micro-organisms.  16  experiments  with  16  samples  of  soil  and 
20  inoculations. 

[The  samples  of  peat  soil  were  obtained  from  the  Bentham  (Bummoor) 
gathering  ground.] 


Beicription  of  the  Soil  Mixture 
med  for  the  Inoculations. 


Description  of  the 
Experiments. 


Amount  of 

Dilution 

of  the 

eat  Soil 

with  Sterile 
Water. 


Average 
Naof 

Germs 
oontsined 
In  the  Soil 

Mixture. 


Moisture 
in  the 
Sample 
of  Soil. 


Remarks. 


Bxperiment  No.  1.  1 
tube  (a)  containing 
etcrile  peat  decoc- 
tion (-1-1  per  cent, 
cane-sugar)  inocu- 
lated ^th  004 C.C 
soil  mixture.  Incu- 
bated 8(f  0.  1  oon- 
troL  XovemberSth, 
1898. 


*B3Bp*rimsut  No.2.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion (+]  per  cent, 
oaoe-sngar)  inocu- 
lated  with  0'085  c.c. 
soil  mixture.  Incu- 
bated 80<>  C.  1  con- 
trol.  November  8th, 
1898. 


Bxp^rimsnt  3ro.8.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion (-1-1  per  cent, 
cane-sugar;  inocu- 
lated wM  0085  ejo. 
soil  mixture.  Incu- 
bated 80O  C.  1  con- 
trol. November  15th, 
1808. 


*B9p§HmsiU  No.^  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion (-1-1  ner  cent, 
cane-sugar)  inocu- 
lated with  0-04  cc. 
soilmixtura  Incu- 
bated 80^0.  Icon- 
tnd.  November  16ih, 
1888. 


18*766  grms. 
soil  in  600  c.c. 
sterile  water. 


141  germs  ■ 
in  0*04  C.C. ' 


Percent. 


I 


November  2Srd.  1898. 
6  C.C.  with  phenol- 
phthalein,sample  a, 
O'SA  c.c. ;    control. 

0*06  0.0.  JqN»|(X)s. 

2  0.C  with  lacmoid, 
sample     a,     0*18; 


I     control,  0*0  c.c* 
N8«(X),. 


10 


4*883  grms.  I  7«ermsin 
soil  in  600  C.C.'  0*086  c.c. 
sterile  water. ! 


82 


8*026  grms. 
soil  in  600  O.C. 
sterile  water. 


6*898  gnns, 
soil  in  600  cc. 
sterile  water. 


November  24th.  188S. 
6  cc.  with  phenol- 
phthaleit),8ample  o. 
0*18  cc. :   control. 

0*12  cc.  ^  Na,(X)t. 

2  cc.  with  lacmoid, 
sample  a,  0*06  ox. ; 


108  germs 
in  0*086  cc 


control,  0*0 
N8«CO«. 


10 


74 


81  germs 
in  0*04  cc. 


01 


7*6 


2*1 


November  24th.  1898. 
6  cc.  with  phenol 
phthalein,  sample  a. 
0*18  CO. ;    control, 

0*12  cc.^  NSftCOt. 

6  CO.  with  lacmoid. 
sample  a,  0*06  cc  ;  i 

control,  0*0  ccyQ 
NaiCO,. 


November  24th.  1898. 
6  CO.  with  phenol- 
phthalein.  sample  a, 
0*18  cc ;  control, 

0*12  cc^  NSfCOi. 

6  cc  with  lacmoid, 
sample  a,  0*06  cc ; 

control,  0*0   cc  ^ 
Na,COt. 


1*2 


1*2 
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Table  CLV. — continued. 


Deflchption  of  tbe 
Ezperimente. 


Denonption  of  the  Soil  Mixture 
used  for  the  Inoculations. 


Amount  of       Avenwe    ; 
;     Dilution  No.m       Moisture 

of  the  Germs     I     in  the 

Peat  Soil  <  contained  !  Sample 
I  with  Sterile  ,  in  the  Soil  of  Soil. 
I       Water.  Mixture. 


I 


Remarks. 


Experiment  No.  5.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion (+1  per  cent.) 
cane-susar)  inocu- 
lated with  0*04  o.c. 
soil  mixture.  Incu- 
bated 20°  C.  1  con- 
trol. November 
22nd.  188S. 


^Experiment  No.  6.  1 
tube  (a)  containing 
sterile  peat  decoc- 
tion (+1  per.  cent, 
cane-sugar)  inoou- 
latod  with  0*035  c.c. 
soil  mixture.  Incu-. 
bated  20°  C.  1  con- 
trol. November 
Mod.  1888. 


Experiment  No.  7.  1 
tube  (a)  containing 
sterile  pmt  decoc- 
tion (+1  per  cent, 
cane-sogar)  inocu- 
lated with  0*04  c.c. 
noil  mixture.  Incu- 
bated S0«  C.  1  con- 
trol. November  29th , 


Experiment  No.  8.  I 
tube  (a)  containing 
sterile  peat  decoc- 
tion (-t-l  ner  cent, 
cane-suimr)  inocu 
lated  with  0*035  c.c. 
soil  mixture.  Incu- 
bated SO*  C.  1  con- 
trol. November  29th. 
188S. 

Experiment  No.  9.    1 
tube  (a)  containinir 
sterile  peat  decoction 
(-4-1  per  cent,  cane  i 
Hugar)       inoculated  I 
with    0*04   C.C.   soil  i 
mixture.    Incubated 
30"  C.      1    control. 
Deo€  mber  6th,  1893. 


H  *  446  ffrms.      71  germs 
soil  in  600  CO.;  in  U' 04  c.c. 
sterile  water. 


Per  cent. 
71 


1 ' 297  gnus.       16  germ  -< 
soil  in  IKK)  c.c'  in  0*035  c.c. 
sterile  water. !  , 


9*18  grms. 
soil  in  500  c.c 
Hterile  water. 


77  germs  82 

in  0'04  c.c.  I 


4*04  grms.  9  germs  ii: 
soil  in  500  C.C. '  0  *  035  c.c. 
sterile  water,  i 


14' 336  grms. 
soil  in  500  c.c. 
sterile  wster. 


294Kerm8  I 
in0  04'C.c.  I 


87 


*  Expert  tnent  No.  10.  1 
tnoe  (a)  containing 
sterile  peat  decoction 
(-»-l  pel  cent,  cane- 
sugar)  inoculated 
with  0*036  C.C.  st>il 
mixture.  Incnbated 
30°  C.  1  control. 
December  6th,  1898. 


5*201  grms. 
soil  in  600  c.c. 
sterile  water. 


15  germs  in 
0*085  c.c. 


December  9th.  1803. 
5  CO.  with  phenol- 
phthalein.  sample  a, 
0*18   CO.;    control. 

0*06  cc.  ^  NaaCOt- 
2  cc.  with  lacmoid. 
sample  a.  0*06  cc; 

control.  0*0  cc.  ^7; 


ya,co,. 


10 


December  9tli,  1893. 
3  cc.  with  pheiiol- 
phthalein.  sarapls  a, 
0*18  cc  s    control, 

0*06  cc.  ^  NSfOOi. 

2  cc.  with  lacmoid,  ' 
sample  a,  0*06  cc;  { 

n 
controls  0*0  cc  ^  | 

Na/)0,. 

December  18th.  1898. 
6  cc.  with  phenol- 
phthalein,  sample  a, 
0*46  cc. :    control, 

0*12  cc  Yq  Na^Ot. 

2  CJD.  with  lacmoid, 
sample  a, 0*24  cc; 


10 


control,  0*06  cc 
NaaCOt. 


December  18th,  1893. 
Negative  result* 
with  phenol-phtha- 
Jein  as  indicator. 
2  cc.  with  lacmoil. 
sample  a,  0*06  cc; 

control,  0*0  cc  ^  | 
NatCO.. 


December  22nd,  1893.  ' 
6  cc  with  phenol- 
phthalein,     sample 
a,  0*38  cc  ;  control, 

0*12  ccj^Na,0(>».  I 

2  cc  with  lacmoid, 
sample  a,  0*06  cc :  , 
control,     0*0     c.c  ! 


10 


Na.CO,. 


December  22nd.  1898.  ] 
6  ex.  with  phenol- 
phthalein  and  lac- 
moid. negative 
results.  I 


2*7 


2*7 


8*1 


30 


8*8 


0*0 
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Tablb  CLV. — continued. 


Desariptum  of  the  8oU  Mixture 
nMdfortl    " 


r  the  InoenlAtkniB. 


Deteriptionarthe 
BxperimentH. 


Amount  of 

Dflutiou 

of  the 

FMitSoU 

with  BterUe 
Water. 


AYenwe 
No.^ 
Genu 


in  the  Sou 
Mixtore. 


Moittore 
in  the 
Sample 
ofSoiL 


Remarks. 


tNo.ll.  1 
iobe  (a)  containins 
sterile  peat  deooction 
(  +  1  per  oenl  caap-- 
sonrj  inocahited 
with  O'M  0.C  aoO 
mixture.  Inoubated 
ao<*  C.  1  control. 
December  18th.  1898. 


tube  (a)  containing 
sterile  peat  decoction 
(•i-lper.  oenk  cane- 
snicar)  inoculated 
with  0'08S  ox.  loil 
mixture.  Inoubated 
8QP  C.  1  control. 
December  13th.  1888. 

jRgperimmU  No,  IS.  1 
tube  (a)  containing 
sterile  peat  decoction 
(+  1  mr  cent  caoe- 
sogarj  inoculated 
with  O'M  c.c.  soil 
mixture.  Incubated 
8<P  C.  1  control 
December  20th.  1898. 


*  Experiment  No,\^  1 
tube  (a)  containing 
sterile  peat  decoction 
(-f- 1  per  cent,  cane- 
sugar)  inoculated 
with  0*086  cc.  soil 
mixture.  Incubated 
80^  C.  1  control. 
December  Mth.  1898. 

BxperimeiU  No.  1ft.  8 
tubes  (a,  b,  e)  con- 
taining sterile  peat 
decoction  (-1-1  per 
cent,  cane-sugar)  in- 
oculated with  0'Oic.c. 
soil  mixture.  Incu- 
bated 80^  G.  1  con- 
trol.  December  87th, 
1898. 


^^b.l6.  8 
tubes  (a,  b,  e)  con- 
taininil^  sterile  peat 
decoction  (-1- 1  per 
eent.  cane-sugar) 
inoculated  with 
0*085  CJ&,  soil  mixture. 
Incubated  S0<*  C.  1 
oontroL  December 
27th,  1898. 


11*168  grms. 
■oil  in  600  ex. 
sterile  water. 


88  germs  in 
0'04c.o. 


Percent. 
71 


7 '084  grms. 
soil  in  600  o.c. 
sterile  water. 


8*142  grms. 
soil  in  600  ox. 
sterile  water. 


8  germs  in 
0*086  cc. 


28  germs  in 
0*04  0.0. 


74 


87 


8*578  grms. 
soil  in  600  cc. 
sterile  water. 


18*937  grms. 
soil  in  600  cc 
sterile  water. 


13  germs  in 
0*035  o.c. 


66  germs  in 
0*04  CO. 


84 


82 


soil  in  600OX. 
sterile  water. 


18  germs  in 
0*085  cc 


87 


JanuBzy  1st.  1884. 
6  cc  with  phenol- 
phthalein.  sample 
a.  0*24 CO.:  control. 

012  cc^Ns,CO,. 

8  cc  with  lacmoid, 
aample  a,  0*06 ex.; 
control.      0*0     cc 

*Na*CO.. 

January  Ist,  1884. 
Nenlive  results 
witn  phenol- phtha- 
lein andlacmoidas 
indicators. 


January  12th.  1894. 
6  cc  with  phenol- 
phthalein,  sample 
a.0'64c.c;  control, 

0*08  cc^NstCOi. 
2  ex.  with  lacmoid. 
sample  a,  0*  18 cc; 
control.      0*0     c.c. 

,^Ns,COa. 

JanuaiT  12th.  1894. 
Negative  results 
with  phenol-pbtha- 
lein  and  lacmoid 
as  indicaiors. 


January  18th.  1884. 
6  cc.  with  phenol 
phthalein.  samples 
a  and  6.  0*64  c.ei.t 
sample  e,  0*8  cc; 
control.    0*06     cc 


,Y.N*tOO». 


2    0.0. 


lu 

with  lacmoid,  a. 
0*18;  6.  0*12;  c. 
0*06    CC;    control 

0*0  cc  ]^Na,00i. 
January  18th,  1894. 
6  cc  with  phenol- 
Idithalein,  sample 
a,  0*84:  samples  6, 
c,  0*06  cc ;  control. 

006  cc.  ~  Ns,CO|. 

2c.c.  with  Ucmoid. 
a,  0*06,  b  and  c, 
O'O;  control,  0*0  cc. 

l^NsaCO,. 


2*7 


O'O 


9*8 


O'O 


as0*8 
6=7-8 
e=8*» 


a«8'S 
6«0-0 
«=0*0 


*  Samples  of  peat  soil  obtained  from  a  little  below  the  surface  level.    In  all  the  other  exnari. 
ents  the  samples  of  soil  were  taken  from  the  surface.  «i>«n 


ments  tue  sampi 
S    98614. 


C  C 
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The  results  obtained  were  vetv  similar  in  ehafaeter  to  those  recorded 
in  Table  CLII.,  but  they  are  less  significant,  since  the  peat  decoction 
contained  a  foreign  ingredient,  viz.,  cane  sagav. 


The  same  remarks  apply  to  Table  CLVI. 
was  fortified  with  peptone  and  salt. 


Here  the  peat  decoctioik 


Table  CLVI. 

Showing  the  Results  of  Inoculation  of  Stebile  Peat  Decoction- 
(containing  Peptone  and  Salt)  with  a  Mixture  of  Peat 
Micbo-gboanisms.  17  experiments  with  16  samples  of  peat  soO,. 
and  22  inoculations  of  sterile  peat  decoction. 

[The  samples  of  peat  soil  were  obtained  from  the  Bentham  (Bummoor) 
gathering  grounds.] 


Description  of  the  Soil  Mixture 

Ifp 

Betcription  of  the 
Experiments. 

Amount  of 
Dilution 

of  the 

Peat  Soil 

with  Sterile 

Water. 

No!^ 

Germg 

contained 

in  the  Soil 

Mixture. 

Moisture 
in  the 
Sample 
of  Soil. 

1 
Remarks. 

ExpeHw^eni  Ko.  1.    1 
lube  (a)  ocmtaining 
Bterile  peat  decoction 
(+ 1  peroent.peptone 
and    0*6    per    cent. 
NaCl)        uioculatcd 
with    0*04   c.e.    soil 
mixture.    Incubated 
SO**  0.1  control.  Ooto- 
ber  18th,  1803. 

BxperimeHi  yo.  2.   1 
tube  (a)  containing 
sterile  peat  decoction 
(+1  per  cent.  pep< 
toneaad  0*  5per  cent. 
NaCI)       ifoeulated 
with  O'MS  c.e.  soU 
mixture.    Incubated 
80** CI  control.  Octo- 
ber 18th.  1899. 

Experiment  No.  S.    8 
flasks  (a  and  6)  con- 
taininx  sterile  peat 
difecoction   (+  1  per 
cent,  peptone  and  0*6 
pfer  p€ht.  NflCl)  in- 
oculated   each   with 
0*2  c.c.  soil  mixture 

of    room    for    four 
days).  InrabatedSO*' 
C.  1  control.  October 
22nd.  1893. 

6*776  rrrms. 
soil  in  500  c.c. 
sterile  water. 

6'Blgrms. 
sell  in  500  c.c. 
aterile  water. 

6'776  ifrms. 
soil  in  600  c,c. 
sterile  water. 

88  germ*  in 
0*04  co;. 

64  germs  in 
0066  ex. 

440  germs 
in  0*2  c.c. 
<4da^ 
before  in- 
oculations). 

Per  cent. 
79 

75 
79 

October    2Srd.    1883. 
Negative  results  with 
laomoid,  4c.c.  with 
phenol  -  phthalein. 
sample  a.  0*64  cc. ; 
control.     0*36    c.e. 

foN«*CO,. 

October    23rd.    1883. 
Negative  results  with 
lacmoid.  6  cc.  with 
phenol  •  phthalein. 
sample  a.  0*96  c.o.; 
control,    0*54     cc. 

i>-co.. 

October    84th,     1863. 
Negative  results  with 
biomoid.60ccwith 
phenol  •  phthalein, 
samples    a   and  6, 
1*6    cc ;     control. 

O-Occf^Na^CC 

4*5^ 
8*# 

a=8*<^ 
6=9*<^ 
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Tablb  CLVI. — continued. 


DcMripilonofthe 
Sxperiments. 


Description  of  the  Soil  Miztiire 
used  for  the  Inoouktiona. 


Amoantof 

Dilution 

of  the 

PtetSoil 

with  Sterile 
Water. 


Avenwe 

1N0.S 

Gemu 

oontftined 

in  the  Soil 

Mixture. 


Moisture 
in  the 
Sample 
of  Soil. 


Srperimmi  No,  4,  2 
fiiuka  {a,  b)  contain- 
ing sterile  peat  deooc> 
tion  (+  1  per  cent. 
pept<Hie  and  0*5  per 
cent.  Nad),  inocula- 
ted each  with  0' 2  0.0. 
soil  mixture.  Incu* 
bated  90°  C.  1  con- 
trol. October  25th, 
1888. 


Brperiment  Ho.  5.  2 
ibakfl  (aandd)  oon- 
tainins  sterile  peat 
decoction  (+  1  per 
cent,  peptone  and  0 '  5 
peroent.NaCl)  inocu- 
lated each  with  028 
&C.  soil  mixture.  In- 
cnbatedao^C.  1  con- 
trol.   October   26th, 


Sxperiment  No,  6.  1 
tube  (a)  containing 
sterile  peat  decoction 
(  + 1  per  cent,  peptone 
and  0*5  per  cent. 
KaCI)  inoculated 
with  O'Oi  c.c.  soil 
mixture.  Incubated 
80*  0.  1  control.  No- 
vember 1st.  1888. 


M»peniMiU  No.  7.  1 
tube  (a)  containing 
sterile  peat  decoction 
( +1  per  cent,  peptone 
and  0*5  per  cent. 
NaCl),  inoculated 
with  0*085  c.c.  soil 
mixtuie.  Incubated 
80^  0. 1  control.  No- 
Tember  1st,  1898. 


BxperimeiU  No,  8.  1 
tube  (a)  containing 
sterile  peat  decoction 
(+0*1  per  cent  pep- 
tone and  0*05  per 
cent.  NaCl),  inocu- 
lated with  0*01  c.c. 
soil  mixture.  Incu- 
bated SO^'C.  1  con- 
trol. NoTember29th, 
1898. 


4*934  grms. 
soilinfiOOcc. 
sterile  water. 


0-745  grms. 
soilinSOOcc. 
sterile  water. 


6*975  grms. 
soil  in  600  cc. 
sterile  water. 


11*169  grms. 
soil  in  600  cc 
sterile  water. 


9 '  18  grms.  77  germs 
soil  in  500  CO.  in0'04c.c. 
sterile  water. 


250  germs 
in  0*2  cc. 


3^5  germs 
in  0*28  cc 


246  germs 
in  0*04  cc. 


144  germs 
in0*0S5c.c. 


Per  cent. 
75 


74 


87 


80 


82 


Bcmarks. 


October  aoth;  1898. 
5  cc  with  phenol* 
phthalein.  sample  a, 
0*6  CC;  sample  6, 
0*66    cc ;    control, 

O'SOcc-jJiNatpOg 

1  cc.  with  lacmoid, 
samples  a  and  b, 
0*30    cc ;    control. 

0-24c.c^Na,CO,. 


October    30th,     1893. 
1  QJR.  with   phenol- 

J)hthalein  and  with 
acmoid,  sample  a 
and  b.  0*24  cci 
control,     0*16     cc 


=8*4 
s9*0 


10 


Na^COs. 


November  6th.  1893. 
Negative  result  with 
lacmoid,  5  cc  with 
phenol  •  phtlialein, 
sample  a,  0*43  c.c ; 
control,    0*18     cc 

i*oNa,CO^ 


November   6th,  1896. 
I      Negative  reeulta  with 
lacmoid  and  phenol- 
phthalein  as  Indica- 
tors. 


December  18th.  1898. 
Negative  results  with 
phenol  -  phthalein. 
2cc.  with  lacmoid, 
sample  a,  0*06  cc; 
control,       0*0    cc. 


j^Na^CO,. 


=6*a 


4*8 


0-ft 


8*0 


CC  2 
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Table  CLYL— continued. 


Description  of  tha 
Bxperimente. 


Description  of  the  Soil  Hixtnrs 
tuea  for  the  loooalations. 


Amount  of 

Dilution 

of  the 

Peat  Soil 

with  Sterile 

Water. 


Averan 
No.^ 


contained 

in  the  Soil 

Mixture. 


Moisture 
intiie 
Sample 
of  Soil. 


Remarks. 


5  8? 
u  So 


•&ppsrimeiUyo.9.    1      4'04grm9. 
tune  (a)  containing    soil  in  600  c.c. 
sterile  peat  decoction  '  sterile  water. 
(•1-0*1  per  cent,  pep- 
tone   and    0*05  per 
cent.    NaCl),  inocu- 
lated with  0*086  cc. 
soil  mixture.    Incu- 
bated S0°  C.     1  con- 
troL  Norember29th, 
1888. 


Per  cent.  I 
0  germs  82 

in0'036cc.  > 


Mjpptriment  No.  10.  1 
tube  (a)  containing 
sterile  peat  decoction 
(+0*1  per  cent,  pep- 
tone and  0*06  per 
cent-  (NaCl),  inocu- 
lated with  0  Mcc. 
soil  mixture.  Incu- 
bated 80^  C.  1  con- 
trol. December  6th, 
1808. 


*£xp9riiHent  yo.ll.  1 
tube  (a)  containing 
sterile  peat  decoction 
(-lO'lper  cent,  pep- 
tone and  0*05  per 
cent  NaCl)  inocu- 
lated with  0*085  CO. 
soil  miiture.  Incu- 
bated 30°  C.  1  con- 
troL  December  6th, 
1888. 


Experiment  No.  12.  1 
tube  (a)  containing 
sterile  peat  decoction 
(+0*1  per  cent,  pep- 
tone and  0*05  per 
cent.  NaCl)  inocu- 
lated with  0*04  cc. 
soil  mixture.  Incu- 
bated 30°  G.  1  con- 
trol. December  I3th, 
1893. 


^Experlmen  t  No.  13.  1 
tube  (a)  containing 
sterile  peat  decoction 
(-l-0*l  per  cent,  pep- 
tone and  0  05  per 
cent.  NaCl)  inocu- 
lat*^  with  0-035 c.c. 
soil  mixture.  Incu- 
bated 80°  G.  1  con- 
trol. December  13th, 
1893. 


14*335  grms. 
soil  in  600  cc 
sterile  water. 


294  germs 
in0*04c.c. 


5'SOlKrms. 
soil  in  600 cc. 
sterile  water. 


15  germs 
in0'0S5c.c. 


87 


64 


11*153  grms. 
soil  in  500  cc. 
sterile  water. 


22  germs 
in0*04c.c. 


71 


*  024  grms.       6  germs 
soil  in  500  c.c. '  in  0*085  cc. 
sterile  water.  I 


74 


December  18th.  18B3. 
5cc  with  phenol- 
phthalein.  sample 
a,  0 * 24 cc;  control. 

0'12cc.  ^  KasCOs. 

2c.c  with  laemoid. 
sample  a.  0*12  c.c ; 
control,      0*0    cc 

^Na^GO,. 


December  22ud.  1898. 
2  ex.  with  phenol* 
phtbalein,  sample  a. 
0*18  ex.;    control, 

0*12  cc  ^Na«(X)s. 

6c.c.  with  laemoid. 
sample  a,  0  *  24  cc; 
control,       0*0   cc 


I 


ioNa.CO,. 


December  22nd,  1893. 
2  cc  with  phenol- 
phthalein.  sample  o. 
0*24  C.C;      control 

012C.C   ^NsaCO,. 

6  cc  with  laemoid. 
sample  a,  0*8  cc. ; 
control       0*0     cc 


loNa,CO,. 


Jsnuary  Ist,  1804. 
5  CO.  with  phenol- 
phthalein,  sample  o, 
0*24  CO.;     control. 

0*12c.c  j^  NstCJO,. 

2cc.  with  laemoid. 
sample  a.  0*06  c.c. ; 
control,       0*0    cc. 

i>a,CO,. 


January  Ist,  1894. 
Negative  results  with 
laemoid,  6  cc.  with 
phenol  '  phthalein 
sample  a,  0*18  cc; 
control,       0*12  cc 


^^Na^COa. 


4't 


3*9 


6*0 


2*7 


1*2 
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Table  CLVL— continued. 


Description  of  the  Soil  Mixture 
used  for  the  Inoculations. 

Mil 

mi 

Desorijiiioa  of  the 
Bzperiments. 

Amount  of 
Dilution 

Ayersge 

Moisture 

Remarks. 

of  the 

Germs 

in  the 

Peat  Sou 

oontaioed  i  Sample 

with  Sterile 

in  the  Soil'   of  Soil. 

Water. 

.Mixture. 

S»p^rim&mt  No.  14.    1 

8142  grms. 

88  germs 

Per  oent. 
87 

January    12th,    lft9l. 

1*2 

soil  in  600  cc. 

in  0'04c.c. 

Negative  resulU  with 

ilerile  peat  decoction 

sterile  water. 

lacmoid,  6  cc  with 

(+0-1  per  cent,  pep- 

phenol -  phthalein. 

tone    and    006   per 

sample  a.  0*18 cc; 

oent.    NaCl)    inocn. 

control,       0*12  cc 

lated  with  0*04  cc. 

soil  mixture.    Incu- 

i*Na,CO,. 

bated  ao<>  C.    1  con- 

trol.   December  aoth. 

180S. 

•BsjoeritmetUycVi.    1 

8*673  grms. 

18  germs 

84 

January    18th,    1894. 

1*2 

tube  {a)  oontatninx 

soil  in  600  cc. 

in0'086c.c 

Negative  results  with 

sterile  peat  decoction 

sterile  water. 

lacmoid,  6  cc  with 

(+0-1  per  cent,  pep- 

phenol .  pfathalein. 

tone    and  006    per 

sample  a,  0*18  cc; 

eent.  NaCl)    inocu- 

control     0*18    cc 

lated  with  0'086cc. 

»^..    ^.. 

soil  mixture.    Incu- 

lU 

bated  ^0,    1  oon- 

troL  Decemberaoth, 

- 

1888. 

JBxperimerU  No,  16.    8 

18*887  grms. 

66  germs 

S8 

Januarv    I3th,    1894. 
Negative  results  with 

a^l*8 

tabes  (a,  b)  contain- 

soUin600c.c 

in  0*04  cc 

6=1*» 

ing  sterile  peat  decoc- 

sterile water. 

lacmoid.  6  cc  with 

tion  (+01  per  cent. 

phenol  •  phthalein. 

peptone  and  0*05  per 

sample    a,  and    6, 

cent.    NaCl)    inocu- 
lated     eadb      with 

0*18  cc:    control. 

0'04c.c.  soil  mixture. 

012CC  ^Na,(X).. 

Incubated  ao»  0.     1 

oontrol.      December 

tnh,188S. 

•BxpM^mmUyo,17.    t 
tubes  {a,  b)  contain. 
iiW  sterile  peat  decoc- 

7*894 grms. 
sou  in  600  cc. 

18  germs 
in  0*086  cc 

87 

January    isth,    1894. 
Negdbive  results  with 

a»2*4 
6=2*4 

sterile  water. 

lacmoid.  6  cc  with 

tion  (+0*1  per  cent 
peptone  andr0'06  per 

phenol  .  phthalein. 
samples  a.    and  b. 

oont  KaCl)    inocu- 
laked     eaoh      with 

0*84  cc;     control, 

n 

0-086  cc.  soil  mixture. 

0'12cc  ^Na^Qs. 

Incubated  9f*0.     1 

oontroL     December 

87th,  1888. 

*  Samples  of  peat  soil  obtained  from  a  little  below  the  surface  level— in  all  the  other  experi- 
ments the  samples  of  soil  were  taken  from  the  surfsoe.  Where  the  different  indicators  give 
different  amounts  of  aoidity»  the  average  amount  of  acidity  is  taken. 

Althongh  not  uncommonly  the  peat  decoction  was  rendered  slightJj 
add  hj  the  growth  of  the  peat  microbes,  the  results  have  not  the  same 
significance  as  those  previously  recorded,  since  the  peat  decoctiou  was 
fortified  with  peptone  and  salt. 

Next  to  be  considered  are  some  experiments  carried  out  under 
anaerobic  conditions,  in  which  peat  decoction  alone  and  peat  decoctiou 
containing  glucose  were  inoculated  with  a  mixture  of  peat  microbes. 
The  results  are  shown  in  the  two  following  tables  (Tables  CIA'IL  and 
CLVIII.). 
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Table  CLVII. 

Showing  the  Result,  as  regards  Acidity,  of  inocalating  Stebiub 
Peat  Decoction  with  a  Mixture  of  Peat  Micbo-oboakisms. 
Caltivated  aaaerobically. 

[The  samples  of  peat  were  obtained  from  the  Shipley  gathering 

grounds.] 


Description  of  the  Experiment. 


Description  of 

theSoU 
Mixture  osed 

in  the 
InocuUtionii. 


Beftotion 

with 
Lacmoid. 


Aiddity 
inTenni 

of  CXI. 

reQnired  to 
nentnliae 

100  e.c 
of  the 

Liquid*. 


October  Idth,  tested  October  2«th.  IBM  :— 
(a.)  20  C.C.  sterile  peat  decoction  in  Boox 

tube  exhausted  of   oxygen.     Control 

experiment. 
(&.)  ao  o.c.  sterile  peat  decoction -i-0*6  o.c. 

soil  oiixture.    Oultirated  anaerobicallj. 

October  8Srd.  tested  Norember  15th,  1804  :— 
(a.)  20  C.C.  sterile  peat  decoction  in  Boux 

tube  exhausted  of  oxygen.     Control 

experiment. 
(b.)  20  c.c.  sterile  peat  deooction+0*5  cc 

soil  mixture.    Cultirated  anaerobically. 

October  SOth,  tested  November  16th,  1804 :  - 
(a.)  20  cc.  sterile  peat  decoction  m  Boux 

tube  exhausted  of    oxygen.     Contrcrf 

experiment. 
(6.)  20  CO.  sterile  peat  decoct  ion + 0*6  cc 

soil  mixture.    Cultivated  anaerobically. 

November  6th,  tested  November  14th,  1804  :— 
(a.)  20  cc  sterile  peat  decoction  in  Boux 

Cube  exhausted  of   oxygen.     Control 

experiment. 
(6.)  20  cc  sterile  peat  decoction +0*6  cc, 

soil  mixture.    Cultivated  anaerobically. 

Novemberl4th,  tested  December  12th,1804  :-- 

(a.)  20  cc  sterile  peat  decoction  in  Boux 

tube  exhausted  of  oxygen.     Control 

experiment. 

(6.)  20  cc  sterile  peat  decoction+0*5  cc 

soil  mixture.    Cultivated  anaerobically. 

November  21st.  tested  December  12th,  1894  :— 
(a.)  20  cc  sterile  peat  decoction  in  Boux 

tube  exhausted  of    oxygen.      Control 

experiment. 
(6.)  20  c.c.  sterile  peat  decoction+0*5  cc. 

soil  mixture.    Cultivated  anaerobically. 

November  27th,  tested  December  12th,  1894  :~ 

(a.)  20  c.c  sterile  peat  decoction  in  Boux 

tube  exhau&ted  of   oxygen.     Control 

experiment. 

(6.)  20  c.c  sterile  peat  decoction +0*6  cc 

soil  mixture.    Cultivated  anaerobically. 

December  13th,  1894,  tested  January  19th, 

1895  :— 
(a.)  20  cc  sterile  peat  decoction  in  Boux 

tube  exhausted   of    oxygen.     Control 

experiment. 
(A.)  20  c.c  sterile  peat  dAcoction+0'6  cc 

6o\\  mixture.    Cultivated  anaerobically. 


6*425  grms. 

Shipley  peat 

in  500  ce. 

sterile  water. 


4'02grms. 
Shipley  peat 

in  600  cc 
sterile  water. 


8 '96  grmt. 
Shipley  peat 

in  600  CO. 
sterile  water. 


6*786  grms. 

Shipley  peat 

in  600  cc. 

sterile  water. 


4*095  grma. 

Shipley  peat 

in  600  cc. 

sterile  water. 


2*874  grms. 
Shipley  peat 

in  500  cc 
sterile  water. 


6*2*5  grms. 
8hipl«?y  peat 

in  500  cc 
sterile  waicr. 


7*94  nrriTiR. 
Shipley  peat 

in  600  cc. 
sterile  water. 


I?:j 


U 


Neutral 


Neutral 


(a,)  Neotial 


acid. 


P  Trace 


(?•> 
W 


)  Nental 


iNeutnl 


(f:} 


Neutral 


la.)  Neutral 
(6.)  Acid 


(a.)  Neutral 


(a.)  S'6 
(6.)  3-6 


fej  €-0 

(a.)  8*B 
lb.)  6*0 

(a.)  8*6 
lb.)  4*8 


•  A  certain  amount  of  j^  Na,  COj  was  needed  to  give  a  pink  colour  with  pherol-phthalein  t 
Adicator  even  when  the  peat  decoction  was  neutral  iu  reaction. 
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Table  CLVIII. 
Showing  the  Result  of  iNOOciLiLTiNG  Peat  Dbooction  (+2  per  cent. 
Glucose)  with  a  Mixture  of  Peat  Micro-organisms.    Cultivated 

anaerohicaUy.                              '      ^         ,     ^      ,           ^i.    • 
[The  aamplea  orpeat  were  obtained  from  the  Bentham  gathering  .».• 
.         growds.]  


Dwcriptiou  o(  the 
,     Sxperimeiits. 


Description  of  the  Peat  Soil  Mixture 
'  tiled  for  the  Inoeidations« 


AmDiiBtof 

dilation  of 

the  Peat 

Soil  with 

Sterile 

Water. 


AYemia 
No,  of 
Anaerobie 
Germain 
the  Soil 
Mixture. 


Moisture 

mthe 

Sample 

of  Peat 

SoiL 


Remarks. 


Svperiment  No,  1. 
1  Ronx  tuhe  con- 
taining sterile  peat 
xleooction  (+8  per 
cent-  glucose)  inocu- 
lated with  O'^tS  c.c 
soil  mixture.  Cul- 
tivated anaerobi- 
cally.  1  control. 

Incubated  SO  C". 
Ifoyember  8th,  180S. 


.^ IAro.2.  Da 

Member  Uth.  1898. 

BxpeHment  No.  8.  Do. 
NoYember  22nd  1808. 


Bxperim&nt  No,  4. 
1  c.c.  soil  mixture. 
Noyember  29th.  1888. 

Sxperiment  No,  5.  Do. 
l£oember  6th,  1898. 

Experimmt  No.  6.  Do. 
DKember  13th.  1893. 

SxperimetU  No,  7.  Do. 
I$Miember  20th.  1898. 

Experiment  No.S,  Do. 
December  27th.  1898. 


12*766  grma. 
peatm 
600  cc 

sterile  water 


112  germs 
(anaerobic) 
in  0*38  cc. 


Per  cent. 


4*283    Do. 
6*446    Do. 

9*180    Do. 

14*386  Do. 

11*163  Do. 

8*142  Do. 

1  18*937  Do. 


No  record 


178 
biogerma 
in  0*33  0.0. 

286  germs 
in  1 0.0. 


60  Do. 

114  Do. 

13  Do. 

67  Do. 


71 

82 

87 
71 
87 
82 


November  20th,  1898. 
6  cc.  withpheuol- 
phthalein  as  indi- 
cator, eontrol.  0*06 
cc;  sample.  0'6  o.o. 

^Na,COj»    5     cc 
with  laomoid, 

control.    0*0     ccj 
nosple.     0*6     cc 

No  growth  occurred  - 


11*6 


""^ TTT     '■     xf ^^rnnr^t  itfrt.  1  and  the  subsequent  failure  in  the  remaining 

The  marked  acidity  mBxpenment  Nci.  any  ne^  Many  peat  mic«M)n»nisms 

experiments  is  powibly  tobe  ^^^''^^J ^^J^^y^eTZiohic  cJnmions.    In  ftiTfirst 
atTfacuhative  an««iy*>^».^"i,fS!L?^±  t^^  possibly  remained  in  the  cultiva. 

experiment,  notwithstanding  "if ««» ^^^^^J^^    In  Sfotliw  experiments,  the  oxygen  being 
SSAl^^em^v^dfTe'HiSr^^^^^^^  ana.ix>bically  in  so  poor  a  nutritive 

medium  as  peat  decoction.  x«      „   ,«««« 

It  will  be  seen  that  the  results,  with  a  very  few  exceptions,  w^e 
r^J^nrAllvneffative  either  when  peat  decoction  alone  or  peat  decoction 
KLtiLSwruVd  for  cnltivaUon  purposes.  It  would  thus  app^ 
fS^^anSbTc  conditions  are  less   favourable  than  aerobic    for   the 

*'mt"hefte^going  experiments  were  in  progress,  pure  cultures  of 
nJaadp^tv^ter  microbes  were  being  attentively  studied.  These 
o^Lbms  w2e  isolated  by  the  usual  gelatine  p  ate  culture  mahc.d 
r^^nw  neatv  water,  or  from  the  peat  decoction  cultures,  which, 
iTn'tuLCdwUh' these  substanc^e.,  had  as  a  result  of  such 
rnoculatfon  developed  acidity.    These  pure  cultures  of  p.-Bt  microbes 
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were  separately  iotroduoed  into  peat  decoction  of  varied  composition 
with  the  following  results : — 


Table  CLIX. 

Showing  the  Result  (as  regards  AciDiTr)  of  Inoculating  various 
Sterile  Peat  Decoctions  with  Pure  Cultivatioks  of  Micbo- 
OROANiSMS  isolated  from  Peat  Soil. 

(1.)  The  inoculation  of  sterile  peat  decoction  (+0)  with  micro- 
organisms 1  to  1 1  ioclusive,  and  microhes  A  and  B.  26  experiments 
and  89  inoculations. 

(2.)  The  inoculation  of  sterile  peat  decoction  (+1  percent,  peptone 
and  0*5  per  cent.  NaCl)  with  micro-organisms  2,  3,  5,  and  11. 
4  experiments  aud  4  inoculations. 

(3.)  llie  inoculation  of  storile  peat  decoction  ( +  1  per  cent,  cane- 
sugar)  with  micro-organisms  1  to  19  inclusive^  and  microbes  A,  B,  and  G. 
22  experiments  and  22  inoculations. 


II 


JhUot 

Inocnla- 

tion. 


Date  of 
Bubfle* 
quent 

Testing 
for 

Aoidity. 


Description  of  Feat 
Deoootion. 


Remarks. 


!iSl 

S(a) 

!{S1 

^  {a) 
7(a) 

9  in) 

11(a) 
12(a) 

!?  I?i 

14  (a) 

15(a) 
»   (ft) 

16(a) 
18(a) 


180S. 
Oct.  27 


NoY.  6 

Oct.  22 

«    27 

Nov.  6 

Oct.  22 

«    27 

Not.  6 

Got.  27 
Not.  6 


I 
1      Oct.  22 

«    27 

Not.  6 


180S. 

Not.  18    Sterile    peat    de- 
coction. 


Not.  21 
Dee.  1 


Not.  4 
..   18 

^»   ^ 
Dec  I 

Not.  4 

»    18 


Dec.  1 


Not.  18 


..   21 
Dec.  1 

Oct  30 

Not.  4 

«    21 
Dec.  1 

Not.  18 

Dec  1 

Not.  18 

M    21 
Dec  1 

Nov.18 


Nc 


Negati TO  results 
with  phenol-phtba* 
lain  and  lacmoid 
as  indicators. 
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Table  CLIX. — continued. 


i 


& 


0. 
9^ 


19(a) 
»  (ft) 

ii(«) 

-isl 

»(a) 

«7(a) 

18(a) 
»(a) 
30(a) 
SI  (a) 

»(«) 
SS(a) 


84(«);  * 

) 

36  (a) 
««(a) 
37(a) 
88(a) 

38(a) 
40(a) 

41(a) 


Date  of 

Inooala- 

tion. 


1808. 
Not.  6 


»     3 
„     6 

.     3 
,.      6 

Oct.  22 


JHov,  8 
Dee.  11 


Date  Of 
subie- 
quent 
Testing 

for 
Acidity. 


Description  of  Pest    ^ 
Decoction.         '  o 


1893. 
Nov.  21 


Deo.  1 

Nov.  21 
Deo.  1 

Nov.  18 

^"    *^ 
Dec.   1 

Nov.  18 

u    21 
Dec.  1 

Nov  21 
Dee.  1 

Nov.  21 
Deo.  1 

Oct.  28 


Nov.  4 
Oct.  2S 
Nov.  6 
Dec.  22 


Remarks. 


Sterile    peat    de- 
coction. 


Sterile  peat  decoo- 
tfon  (oontainiDg 
1  per  cent,  pep- 
tone and  0*6 
per  cent.  Nad). 


Sterile  peat  decoc- 
tion (containing 
1  per  cent,  cane- 
sngar). 


No. 
8 


Negative  results 
with  pbenol-phtha- 
lein  and  laomoid 
as  indicators. 


Positive  results  with 
phenol -phthalein 
and  laomoid  as 
indicators. 

Nega  tive  results 
with  phenol  phfha- 
lein  and  lacmoid 
as  indicators. 


Positive  results  with 
phenol  -  phthalein 
and  lacmoid  as 
indicators. 


Negative  results 
with  phenol-phtha^ 
lein  and  lacmoid 
as  indicators. 


^1^ 

S  ^& 

II 
III 

O    fill 


0 
0 
0 
0 

0 
lO'S 


0 

0 

0 

13*t 

?•« 

0 
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Table  GLIX. — continued. 


J 


Date  of 
Inocula- 
tion. 


Date  of 
subse- 
quent 

Testing 
for 

Acidity. 


Description  of  Peat 
Decoction. 


I 

s 

I 

II 


Remai'lu, 


in 

111? 


t8(a) 

^(«) 
46^) 
46(a) 

^7  (a) 

48(a) 

^9  (a) 

:SO(a) 

«l(o) 
S2(a) 


189S. 
1      Dec  11 


1H98. 
DccsQ 


Sterile  peat  decoc- 
tion (containing 
1  per  cent, 
sugar). 


No. 
12 


I 


PositiTC  results  with 
phenol  -  phthalein 
and  laonoid  as 
indicators. 

Nef^a-tiTe  results 
with  phenol-phtha- 
lein  and  lacmoid 
as  indicators. 


Positi w  results  with  [ 
pheno]  -  phthalein  ^ 
and  lacmoid  as  r 
indicators. 

Negative  results 
with  phenol-phtha- 
lein  and  lacmoid 
as  indicators. 

Positive  results  with  t 
phenol  -  phthalein 
and    lacmoid   as 
indicators. 

Negative  results 
with  phonoUphtha- 
lein  and  lacmoid 
as  indicattirs. 

Positive  results  with 
phenol  •  phthalein 
and  lacmoid  as 
indicators. 


1*1 


vvQ 


1-2 


6*4 


10*8 


10*8 
8-4 


Micro-organisms  A,  B,  C  isolated  by  anaerobic  cultivation  and  found  to  be  fscultative 
tinaeiobes. 

Micro-organisms  1  to  19  inclusive  isolated  by  aerobic  plate  cultivation  in  the  usual  waj. 

It  will  bd  noted  that  a  negative  result  was  obtained  in  all  cases  in 
which  either  peat  decoction  alone*  or  peat  decoction  fortified  with 
peptone  and  salt  was  used  for  cultivation  purposes.  But,  when  peat 
decoction  to  which  cane-sugar  had  been  rdded  was  employed,  microbes 
3,  8,  9,  12,  16,  18,  A|  B  and  C  yielded  positive  results  as  regards 
aciditjk  i  . 

In  the  above  table,  however,  are  not  included  the  two  microbes 
^Peat  bacterium  O  and  Peat  bacterium  Q)  described  in  Addendum  H. 
of  Mr.  Power's  1893  report,  which  beyond  doubt  rendered  peat 
decoction  alone  (i.e.,  containing  no  foreign  ingredient)  both  acid  and 

'(^At  the  early  period  (1693)  in  the  inquiry,  daring  which  the  foregoing  experiments 
were  carried  out,  complete  success  liad  not  been  ottaiaed  in  making  a  satiB&ctory 
peat  decoction  for  cultanil  purposer. 


Digitized  by  VjOOQIC 


411 


plnmbo-aolvent  in  character.    They  were  isolated  from  peat  soil,  and 
were  also  encouotered  on  rare  oc(!asions  in  peatj  water. 

The  more  unportant  features  of  the  foregoing  tables  maj  be  briefly 
stanmariaed  as  follows : — 

Sterile  peat  decoction,  made  solely  from  peat^  when  inocolated  with'li 
mixture  of  peat  microbes  or  of  '^  peat  water  *^  micro-organisms,  not 
uncommonly  acquires  acid  and  plumbo-solvent  properties.  Pure  Qultuxto 
of  peat  or  '*  peaty  water "  microbes,  when  separately  introduced  ii^to 
sterile  peat  decoction,  usually  fail  to  render  the  liquid.  appreciot>ly  acid. 
A  minority,  two  in  number  (Peat  bacterium  O  and  Peat  bacterium  Q), 
are  capable  of  conferring  add  and  plumbo-solvent  properties  on  a 
decoction  made  solely  from  peat.  The  following  is  a  brief  description  of 
these  micriobes : — 

Dbscription  on  Two  Bacteria  (Peat  Bacterium  O  anb  Pea^t 
Bacterium  Q)  isolated  from  Peat,  which  when  grown  in 
Peat  Decoction  gave  to  the  Liquid  Acid  Reaction  and 
Plumbo-solyent  Ability. 

Description  in  Tabular  Form  of  Two  B4.0TERIA  which,  isoi^ated 
from  Peat  Soil,  would  appear  to  be  causally  related  to  the 
observed  Acidity  of  Moist  Soil  on  Moorland  Gathering 
Grounds. 


Peat  Bacteriaxn  O. 


Peat  Bacterium  Q. 


(A.)   WHB^a  lOTJKP. 

Foimd  in  peat  soil— rarely  in  peat  water. 

(B.)  How  ISOLATED. 

Isolated  directly  fh>m  peat  soil  by  gelatine  j^late  cultivation;  and  also«  indirectly,  byinoou- 
lating  sterile  peat  decoction  with  an  ezoeedinvly  small  amount  of  peat  soil,  and,  m  the  cases 
wbeie  acidity  was  produced,  makiius  plate  cultivations  from  the  liquid . 

(G.)  HOBFHOLOaiCAJ.  Chasactsss. 
The  cells,  which  are  irregularly  grouped  together,  appear  at  first  like  cocci,  but  careful 
obeervation  shows  that  in  reality  one  >diameter  slighUy  ezoQ«ds  the  9tber«  « The  c^^are 
uon-motile. 

(E.)  Biological  Chabacters. 
There  is  no  liquefbotion  of  the  gelatine. 


(a.)  Orowth  in  GOatine  Plate  and  *'Rotl"  Cultivations. 


fl.)  3facro$c&pic  appearances  .—The  chief 
points  to  be  noted  in  studying  the  growth  of 
the  simerficial  colonies  arer— 

The  iridiscent,  almost  transparent, 
and  fllm-like  character  of  the  young 
colonies. 

The  rapid  rate  of  growth  unaccom- 
' ' '     paaied.by  any  liquefaction  of  the  gelatine. 

The  irregular  manner  in  which  the 
colonies  spread  over  the  nutrient  surface, 
and  the  irregular  thickening  cf  the 
bacterial  mass.  ^  ^,        ,     . 

The  final  appearance  of  the  colonies  as 
wfaiteopaqne  plates,  with  lobed.  fissured, 
and  raised  borders,  and  the  granular 
wrinkled  character  of  their  surfaces. 

The  deep  colonies  occur  as  small  white 
bodies  more  or  less  circular  in  shape, 
which  either  remain  imbedded  in  the 
nutrient  gelatine,  or.  by  reaching  the  sur- 
face in  their  growth,  spread  out  super* 
ficially  or  project  as  small  papillffi. 


This  bacterium  resembles  O  very  closely, 
but  the  colonies  do  not  grow  or  spread  so 
quickly  and  are  not  so  transparent  in 
character. 

The  ultimate  size  of  the  colonies  is  less,  and 
the  thickening  of  the  bacterial  mass  as  growth 
proceeds  is  greater  aud  more  unequal. 


Practically  the  same  as  in  O. 
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Feftt  Bacterium  O. 


Peat  Bacteriam  Q« 


(S.)  Mieroteopie  ajopearancea  {under  a  low 
powr) :— The  raperneial  coloniei  are  greyish- 
Drown  in  ooloar.  The  remaina  of  the  original 
ookniy  can  ufloalljr  be  seen  near  the  centre  as 
a  dark  apot,  and  from  thia  the  colour  f adea 
towarda  uie  periphery ;  the  edge  in  the  older 

'    *      "        'er.isdark       *      "    " 


ark  owin<  to  its  greater 

thicknen.    Theooloniea  have  a  granuttr  and 
atriated  i4>pearanoe. 

The  deep  ooloniea  ahow  no  special  pecnlari- 
tif«;  they  are  dark  brown  in  colour  and 
fiuntly  granular  in  atructure. 


The  colonies  are  more  opaque,  and  their 
colour  darker,  otherwise  the  i 
the  same  as  in  O, 


(b.)  Orowth  in  Gelatine  Puncture  Cuiiivatione, 

The  appearances  are  neaziy  the  same  as  in 
the  caae  of  O,  but  the  surftuse  growth  ia  more 
limited  in  extent,  and  of  sirnter  thlokneas. 


A  white  colourless  growth  appears  along  the 
line  of  the  inoculation,  composed  of  number- 
leas  small  colonies  which  have  liecome  con- 
fluent—the  puncture  haa  thua  a  granular 
appearance. 

The  marked  development  of  fs^  which 
occurs  gives  rise  to  the  formation  of  gas 
spaces  and  fiasuiea  throughout  the  substance 
of  the  nutritiye  medium. 

The  growth  on  the  surface  is  comparable  to 
the  growth  of  the  superficial  colonies  in  plate 
cultivationa.  At  first  a  thin  bluish-white 
iridescent  film  forms  at  the  point  of  inocula- 
tion. Later  the  colony  becomes  opaque  and 
granular  in  chsracter,  and  the  border,  when 
it  has  ceaaed  to  spread,  becomes  irrugularly 
thickened  and  raised.  In  oki  cultivations 
furrows  and  radial  thickenings  run  in  tortuous 
lines  over  the  surfkoe  of  the  giuwth. 


(c)  Orowth  in  Gelatine  Streak  Oultivatione. 


The  growth  resembles  an  elongated  sup«r- 
fidal  CMony  from  a  plAte  culture.  It  begins 
first  as  a  blniah-white  film  spreading  in  an 
irregular-fiuhion  on  either  side  of  the  inocu- 
lation stroke.  Later  the  surface  of  the  growth 
becomes  opaque  and  granular,  and  the  oorder 
irregularly  thickened. 


along  the  edges. 


(d.)  Growth  in  BouiUon  CuUiwUions, 
The  liquid  becomes  cloudy ;  but  there  is  no  pellicle  formation.    GradoaUy  a  white  bacterial 
deposit  collects  at  the  bottom  of  the  tube.    The  liquid  acquires  an  acid  reaction. 

(e.)  Growth  in  Agar  Plate  CuJtivatione, 
Lustrous  white  irregularly-shaped  coloniea.    Not  characteristic. 


(f.)  Growth  in  Agar  Puncture  Oultivatione, 

A  white  growth  develops  on  the  suriace,  and  a  faint  growth  along  the  stab, 
spaces  and  fissures  appear  throughout  the  substance  of  the  nutritive  medium. 


Numerous  gaa 


(g.)  Growth  in  Roux  Tubee  containing  GeiUUine  under  Anaerobic  Conditione, 


No  growth  appeared. 


Growth  very  slow  and  imperfect. 

(1.)  Xaeroeeopic  appeanmeee  T—The  deep 
colonies  look  Uke  h^  white  dots.  tS 
superficial  ooloniea  i4>|>ear  as  small  white 
semi-tiwispareut  films  with  irregular  maiiqna. 

(8.)  Mieroecopie€tppearMtee$  {wtder  alow 
power)  I -The  deep  ooloniea  are  yeUowisli  in 
colour,  more  or  less  ciroular  in  shape,  and 
faintly  granular  in  structure.  The  auperfleial 
coloniea  appear  of  a  yellowiah  oolanr  near  ttae 
centre,  where  the  ramalna  of  the  original 
colony  can  usually  be  seen  as  a  dariLsr  apot. 
The  oolonr  fadea  almost  to  traBapansDcj 
towards  the  peripherr.  The  borders  are 
I  irregular,  and  the  cokmiea  have  a  slightly 
granular  and  creased  sppearance. 

(h.)  Growth  in  Peat  Decoction. 

(The  peat  decoction  was  prepared  by  boUiiur  peat  with  diatOled  water,  straining  through 
muslin,  boiling  with  peat  charcoal,  and  filtering  vinry  slowly  through  filter  paper.  The 
filtration  waa  repeated  until  the  liquid  came  through  perfectly  transparent,  but  of  a  brif^t 
yellow,  or  brown  colour.) 
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Peat  Baoteriam  O. 


Ftet  Bacterium  Q. 


CL)  Anaerobic  OuUivatiomi  in  SUrOe  Peat  Deeoetione  +  2  jmt  eent,  Olueoee  for  Aeiditg, 

The  figores  referruig  to  the  aciditf  ate  in  terms  of  cjo,-^  NaiOOs  required  to  neutralise 
100  e.e.  of  the  liquid.    Pbenol-phthalein  as  indicator. ) 


Bxperiment  1. 
Deoemher  11. 1883.    Tested  January  6, 18M.    Incubated  90*  C. 


(I.)  10  e^.  sterile  peat  deooction  +  S  per 
eent.  fflnoose  in  Bonz  tube.  OnltiTated 
anaerobioal^.  No  growth  took  phuse.  Oon- 
ted  ezptiriment. 

Amdity  »  1*20.     Neutral  reaction  with 


(2.)  10  C.O.  as  above,  but  inoculated  with 
Feai  bacterium  0« 
Acidity  =  12*0.     Acid  reaction  with  lac- 


(1.)  10  cc  sterile  peat  decoction  +  S  per 
cent,  ffluoose  in  Roux  tube.  Cultivated 
anaerobioally.  No  growth  took  place.  Oon- 
trol  experiment. 

Acidity  =  I'SO.  Neutral  reaction  with 
humioid. 

(2.)  10  C.C.  as  above,  but  inoculated  with 
Peat  bacterium  Q. 

Acidity  »  12*0.  Acid  reaction  with  lac- 
moid. 


Experiment  2. 
December  1<  1898.   Tested  January  e,  1894.    Incubated  20"  C. 


Conditions  same  as  in  Experiment  1,  but  no 
growth  took  place.  Probably  in  Experiment  1 
traces  of  oxygen  were  present  in  the  culti- 
fation. 


(1.)  10  cc  sterile  peat  decoction  +  2  per 
cent,  glucose  in  Boux  tube.  Cultivated 
anaerobically.  No  growth  took  place.  Con- 
trol experiment. 

Addity  =  1*20.  Neutral  reaction  with 
lacmoid. 

(2.)  10  C.C  as  above,  but  inoculated  with 
Peat  bacterium  Q. 

Acidity  =  12*0:  Acid  reaction  with  hu:- 
moid. 


(j.)  AfrobieCultiwUUme  in  aterUe  Peat  Decoction  for  acidity. 

(The  figures  denote  the  acidity  in  terms  of  c.c^  Na^OOa  required  to  neutralise  100  cc.  of  the 
liquid.   Phenol-phthalein  as  indicator.  A  different  peat  deooction.  was  used  in  each  experiment.) 

December  9, 1808.  Tested  January  1. 1894. 
Poor  tubes  lach  containing  10  cc.  sterile  peat 
decoction  inoculated  with  Peat  bacteAim  O. 
One  control  experiment. 

Growth  took  place  in  all  the  tubes  with  the 
exception  of  the  control,  but  the  results  were 
negative  as  far  as  acidity  was  concerned. 


December  23, 1803.  Tested  Januaiy  1. 1804. 
(a.)  1  tube  containing  10  cc.  sterile  peat 
oeooction  ( +  1  per  cent,  peptone  and  0*6  per 
cent,  salt)  inocuJatsd  with  Peat  bacterium  O. 
(6.)  One  control  experiment, 
(a.)  Acidity  »  22*0  f  Acid  -  \  reaction  with 
(6.)       ..       rs  12*0.  NeutralJ     lacmoid. 

Dc'^mber  25,1803.  Tested  January  8, 1894. 
(a.)  One  tube  containing  sterile  peat  decoction 
mocninted  with  Peat  bacterium  O.  (6.)  One 
contrv^l  experiment. 

la.\  Acidity  e  12*0.  Acid    ^ '^  reaction  with 


=   3*6.  Neutral)     lacmoid. 


January  1.  Tested  January  11, 1694.  Ex- 
periments with  peat  decoctions  containing 
sodium  uhosphaw  (as  much  as  could  be 
dissolvea).  calcium  phosphate  (as  much  as 
could  be  dissolved),  magnesium  sulphate 
<1  per  cent.),  and  ammonium  tartrate  (1  per 
cent.),  yielded  negative  results  as  regards 
acidity. 

January  9.  Tested  January  13, 1894.  Pour 
tabes  (a),  (6).  (c),  (d), containing  sterile  peat 
deooction  inoculated  wilh  Peat  bacterium  O. 
Pour  control  tubes  («).  (/).  (^),  (A). 

(a.)  Addity=12-0.     Acid    ^ 

lb,)       „      =10*8.        „       r  reaction  with 

(c.)       „      =10*8.        „       C     lacmoid. 

(rf.)       „      =10*8.        „       ) 


November  21.  Tested  November  29,1883. 
Two  tubes  (a),  (6),  containing  sterile  peat 
decoction  (+  1  per  cent,  cane  iiiixar),  inocu- 
Uted  each  with  Peat  bacterium  Q.  (c.)  One 
control  experiment. 

(a.)  Acidity  =  8-4.    Acid     "^  reaction  with 


=  8  4. 


3      lacmoid. 


Control  Experiment. 

Neutral  reaction  with 


(o.)  Acidity  =  1*2. 
lacmoid. 


December  1.  Testod  December  9,  1893. 
Ons  tube  (a)  containing  sterile  peat  decoction 
(+  1  per  cent,  cane  sugar)  inocnlnted  with 
Peat  bacterium  Q«  (6.)  One  control  expen- 
mont. 

(a.)  Acidity  =  3*6.  Neutral  reaction  with 
lacmoid. 


(6.)  Acidity 
lacmoid. 


Control  Experiment. 

Neutral  reaction  with 


2*4. 


December  1.  Tested  December  0,  1888. 
One  tube  (a)  containing  sterile  peat  decoction 
(+  1  per  cent. cane  sugar)  inoculated  with 
Peat  bacterium  Q.  (6.)  One  control  experi- 
ment, 
(a.)  Acidity =12*0.  Acid  ->  reaction  with 
(6.)       „      =  2*4.    Neutral/      lacmoid. 

December  1.  Tested  December  9, 1898.  An 
experiment  with  peat  decoction  4-  0,  and 
another  with  peat  deooction  +  0*1  per  cent, 
peptone  and  O'OS  per  cent,  salt,  yielded  both 
negative  results  as  regard)  acidity. 
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Feat  Bactefiuflk  O. 


PeatBACteriam'^b 


Oontrol  BzperiiiMiiln 

Aoid3t7=04'8.  Neutrals 

„     =04' 8.        n       f  reaction  with 
„     =M'8.        „        f     lacmoid. 
„      =04-8.         M       ) 


January  19.    Tested  January  28. 1894.    One 

tube  (a)  containing  sterile  peat  decostion 

inoculated  with  Peat  bacterium  O.     One 

oontrol  experiment  (&). 

(a.)  Acidity  s=  9 '6.    Acid    O  reaction  with 

(6.)       „       =3*6.    Neutral/     lacmoid. 

TabnuuT  15.  Tested  February  19,  1894. 
(a.)  One  tube  contaimng  sterile  peat  decoction 
inoculated  with  Peat  bacterium  O.  (6.)  One 
oontrol  experiment. 

(a.)  Acidity  BiS* 4.   Acid     - '^  reaction  with 


:  1*2.    Neutral  i      lacmoid. 


March  2.    Tested  Mareh  6. 1894.    (a.)  One 
tube  containing  sterile  peat  decoction  inocu- 
lated with  Peat  bacterium  O.     (6.)   One 
oontrol  experiment, 
(a.)  Addity  -  7*2.    Acid    -iTeeetioiiwith 
(6.)       M       =2*4.  Neutral i      lacmoid. 

June  17.  Tested  June  25, 1894.  Four  tubes 
(a),  (6),  (e).  {d),  containing  sterile  peat  de- 
coction inoculated  each  with  Peat  bacterium 
Oa    M  One  control  experiments 

(a.)  Acidity  =2-4.    Acid     ^ 

i&.i       „       B  2*4.       tf       r  reaction  with 

ic.)        ,        ==2*4.       „        v      lacmoid. 

(d.)    „    =2*4.    ..    ; 

Control  Experiment. 

M  Acidity  =  1*2.  Neutral  reaction  with 
lacmoid. 

Jane  24.    Tested  June  28. 1894.   Four  tubes 
(a).  (6),  (c),   (d),  containing   sterile   peat 
aeooction    inoculated  each  with   Peat  bac- 
terium O.    (e.)  One  control  experiment. 
!a.)  Acidity  =4-8.    Add     S 
b.)       „       =4*8.       „        (reaction  with 
c.)       ..       =  4' 8.       M        V      lacmoid. 
d.)    „    =4*8.    „    ; 

Control  Experiment. 

(tf.)  Acidity  =  1*2.  Neutral  reaction  with 
lacmoid. 


December  9.  Tested  Jaaugiy  i.Jl8»4.  Four 
tubes  containing  sterile  peat  decoction  inocu- 
lated OS  abore.  Negative  results  as  regards 
acidity. 

December  28.  Tested  January  1.  1894. 
One  tube  (a)  containing  sterile  peat  decoction 
(+  1  percent. peptone  and 0*5  percent,  salt) 
inoculated  as  above.  (6.)  One  control  experi- 
ment. 

ia.)  Acidity  =  19*2.  Acid      "^  reaction  with 
Kb.)       M       =  12' 0.  Neutral )      lacmoid. 

December  25.  Tested  Januaiy  S,  1694. 
One  tube  (a.)  comtabring  sterile  peat  deooctioa 
inoculated  as  above.  (6.)  One  control  experi- 
ment. 

Acidity  =  12*0.  Acid      ")  reaction  with 
^   S'6.  Neutral  i      lacmoid. 


UCUL. 


Janiuiry  1.  Tested  January  11.  1894.  Ex- 
periments with  peat  decoctions  containing 
one  of  the  following  siibsfanccs :— Sodium 
phosphate  (as  much  as  could  be  dissolved), 
calcium  phosphate  (as  much  as  could  be  dis- 
solved); magnesium  sulphate  (1  per  cents) » 
and  ammonium  tartrate  (1  per  cent.),  yielded 
negative  results  as  regards  acidftr. 

January  9.  Tested  January  20. 1894.  Four 
tubes  (a),  (6).  (c),  (d), containing  stenle  peat 
decoction  inoculated  as  above.    Four  oontrol 


►eriments  («),  (/),  (a),  (*), 
a.)  Acidity  =10*8.  Acid 


=  8*4. 
=  8*4. 
=  8*4. 


(reaction  with 
r     lacmoid. 


Control  Experiments. 
>.)  Acidity  =  4*8.  Neutral") 
(/.)       „       «*  4*8.       „        r  reaction  with 
w    .  =  4*8.       „        ^     lacmoid. 

fi  —  4*8.  „  y 


January   19.     Tested    January  23.  1894. 
One  tube  ia,)  containing  sterile  peat  decoction 
inoculated  lis  above.    (6.)  One  control  experi- 
ment, 
(a.)  Acidity  =  8-4.    Acid      ")  reaction  with 
(6.)       o       =S*6.    Neutral/      lacmoid. 

January  27.     Tested    January  SO,  1894. 
One  tube  (a.)  containing  sterile  peat  decoction 
inoculated  as  above..   (6.)  One  ^ntrol  experi- 
ment, 
(a.)  Acidity  =  2*4.    Acid     7  reaction  with 
(6.)       ..       =1*2.  Neutral;     lacmoid. 

Pebi-uary  16.     Tested  February  19,  1884. 
One  tube  (a.)  containingf  sterile  peat  decoction 
inoculated  as  above.    (6.)  One  ocntrol  experi- 
ment, 
(a.)  Acidity=2-4.    Acid       ^ reaction  with 
(6.)       „       =1*2.    Neutral  i     lacmoid,r 

March  2.    Tested  March  5, 1894.    One  tube 
(a.)  containing  sfcerilis  peat  decoction  inocu- 
lated as  above.    (6.)  One  control  experiment. 
(«.)  Acidity  =  7*2.    Acid      |  rejction  with 
(&.)       „       =  2*4.    NeutraU      lacmoid. 

June  17.  Tested  June  25,  1894.  Four 
tubes  {a),  (ft),  (c).  (d).  containing  sterile  peat 
decoction  inoculated  each  as  above,  {e,)  One 
control  experiment. 

*  Acidity  =  2'4.   Acid     ^ 

„       =2*4.       ,.        f  reaction  with 
„       =  2'4.      „        f     lacmoid. 
«       -2*4.       ..       3 
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Feat  Bacterium  Q. 


Control  Experiment. 

(a.)  Acidity  ^  1'2.    Neutral  reaction  viilr 
{   lacmold. 

June  24.  Tested  June  28,  18M.  Four 
tubea  (a),  (ft),  (c),  fd),  containing  sterile  peat 
decoction  inoculated  each  as  above.  («.)  One 
'  control  experiment. 

'    '    *  -     AmA      y 

.reaction  witb 
lacmoid. 


(a.)  Addity  =  4*8.  Acid  ^ 

\b.j        „       c=4-8.       „  I 

M        „        =  4-8.        „  V 

id,)        „        =4-8.        .,  ) 


Control  Experiment. 

(e.)  Acidity  m  1*2.    Neutral  reaction  Vftb 
lacmoid. 


(k.)  Aerobic  CvltivatioiM  in  Sterile  Paat  Decoction  for  Acidit$  andPlumbo-eolvency, 

The  action  on  lead  was  tested  by  upward  filtration  through  SO  c.c.  lead  shot  at  the  rate  of 
S  mine,  per  SO  c.c. 

ThA  figures  referring  to  the  acidity  represent  the  number  of  co.  -^  Na|CO|   required  to 

neatialise  100  cc  of  the  liquid. 

The  figures  referring  to  the  plumbo-solvenoy  represent  in  parts  per  100,000  the  lead  dissolved 
by  the  bqnid. 

A  different  peat  decoction  was  used  in  each  experiment. 

Experiment  1. 

March  23.    Tested  March  26, 1894.    Incubated  20°  C. 
la,)  SOO  C.C.  sterile  peat  decoction  in  flssk.    Control  experiment. 
\h.\       i»  .»        M  n        inoculated  with  Feat  bacterium  0» 

l^f)  »t  M  •*  M  n  If  «•  ^p 

Neutral  reaction  with  lacmoid. 
Acidity -J  (6.)   =  S'JW.    Add 


({a.)  -  0-06.    Ne 

\  (6.)  =  s-«e.   Ac 

lie,)  =  8-86.       „ 

(\a.)  =  0-0. 

m :  a 


t 


Kumbo-solveney 

The  plumbo-solyenoy  was  difficult  to  estimate  accurately,  probably  owing  to  the  brown 
colour  of  the  liquid  and  the  presence  of  iron. 

Experiment  2. 

April  9.   Tested  Msy  21, 1884.   Not  incubated. 

SOO  cc.  sterile  peat  decoction  in  flask.    Control  experiment. 
;,  „        „  ,.        inoculated  with  Peat  bacterium  O. 

«•  n  t*  »i  **  It  *i  V* 

{(a.)  a    Norecoid.    Neutral  reaction  with  lacmoid. 

(b.)  =      „       ,»        Acid  „  „ 

(c)  ■=      „       „  „  „  „ 

(-(a.)  =  0-0. 

Flumbo-sokency<  (6.)  s  0'8. 

C(c.)  =  0-8. 

It  was  noticed  on  applying  the  ferrocyanide  test  for  iron  that  the  blue  colour  deyeloped 
in  (6),  (c),  and  not  in  (a)  without  the  addition  of  acid.  When  acid  was  used  the  colour 
developed  more  quickly  in  (&),  (c),  than  in  the  case  of  (a).  The  above  was  noted  whenever 
the  test  tru  apphed,  i,e.,  in  the  cases  where  (6),  («),  were  found  to  be  appreciably  acid,  and 
(a)  neutral. 

Experiment  3. 

..      .  May  28.    Tested  May  81, 18»*.    Incubated  20"  C. 

(a.)  500  c.c.  sterile  peat  decoction  in  flask.    Control  experiments 
lb.)       »         n        M  »        inoculated  with  Peat  bacterium  O. 

(e.)       M  »        ..  »  »  »,  »         Q* 

Neutral  reaction  with  !aomoid. 
Acidity-;  (6.)  =  S'4.    Acid  «  *. 


Plumbo«)lvency 


(ia.)  =  1-2. 
(-(a.)  =  O'O. 
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Eiperimeut  4. 
Junes.   TertedJunelS.   Inonbated aO"  C. 


vl  enenn 

inoculated  with  Vmb  bacterium  O. 

Neutral  raction  with  lacmoid. 
Acidity  {  (6.)  ^  8*0.   Acid 


0-0. 
Plambo-eoIrenoy-J  (6.)  ■>  1]2. 


f\  ib.}  =  8-0. 
Ue.)   =  8-0. 

'{is  ■' 


Si 


Bxperiment  5. 
June  14.    Tetted  June  16.   Not  incubated. 

1500  cc.  sterile  peat  decoction  in  flaak.   Control  erperiment. 

inoculated  with  Peat  bacterium  0> 
f»  ^« 

a.)  -  1*2.    Neutral  reaction  with  lacmoid. 
6.)  =  2-».    Acid 
c.)   -2-9.       ., 
«  0-0. 
=  1-8. 
=  1-6. 


Acidity^ 

Plunibo-w>lven<jy  \ 


IS 


^  Experiment  6. 

June  19.   Teated  June  21, 1804.    Not  incubated. 

1500  CO.  gterile  peat  decoction  in  flaak.    Control  experiment. 

„        ..  „        inoculated  with  Peat  bacterium  O. 

»•  •)  »»  »  »t  M  »f  ^" 

Cia.)  B  1*8.    Neutral  reaction  with  lacmoid. 

Acidity}  (6.)  =  8-6.    Acid 

Lie.)  =  3-6.       „ 

(la.)  =  O'O. 

Plumbo-8oWency-{  ib.)  =  2*4. 

lie.)  =  2-4. 


Experiment  7. 
June  21.    Tested  June  28»  1894.    Not  incubated. 

a.)  600  CO.  sterile  peat  decoction  in  flaak.   Contol  experiment. 

inoculated  with  Peat  Bacterium  O. 
»  *.  Q- 

.  ,    ,  Neutral  reaction  with  lacmoid. 

Acidity^  (b.\  =  2*4.    Acid 


iS 


((a.)  =  1*2. 

A  6.(  =  2*4. 

Lie.)  =  2-4. 

( (a.)  =  0*4. 

Plumbo-solvency  <  (6.)  =  1*6. 

Lie.)  =  1-6. 


Experiment  8. 

June  28.    Tested  June  28, 2894.    Not  incubated. 

600  CO.  sterile  peat  decoction  in  flask.    Control  experiment. 
M  ..        ».  n        inoculated  with  Peat  bacterium  0> 

M  M  ••  »  H  t>  M  ^2" 

{(a.)  Bs  2*4.    Neutral  reaction  with  lacmoid. 
lb,)  =  8-6.    Acid 
le.)  =  8*11.       ^ 
(•(«.)  =  0-4. 
Plumbo-8oWency<  (6.)  =•  1*2. 
lie.)  -  1*2. 


C. — Conclusions  as  regards  the  Cause  of  the  Acidity  of 
Moorland  Waters. 

In  seeking  to  trace  the  antecedent  cause  of  the  aciditj  of  moor- 
land waters,  three  theories  advanced  as  explanatory  roust  needs  be 
considered. 

I.  Acid  rain-water  J  the  acidity  being  held  by  competent  authorities 
to  be  deriyed  from  the  smoke  of  manufacturing  towns. 

It  has  been  shown  in  this  report  that  rain -water,  collected  in  the 
country,  far  away  fitim  the  smoke  of  big  manufacturing  towns,  is 
neutral  and  non-plumbo-solvent  in  character.  But  it  has  abo  been 
proved  that  rain-water  collected  on  high  moorland  gathering  grounds. 
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not  far  remote  from  large  manufacturing  centres,  maj  be  possessed 
of  appreciable  acid  and  plumbo-solvent  properties.  In  these  experi- 
mentSy  precautions  wave  taken  to  exclude  from  the  collecting  apparatus 
the  "spiashings"  from  peat.  But  it  cannot  be  said  with  absolute 
certainty  that  this  object  was  always  attained ;  because  it  is  impossible 
to  estimate  how  far  in  storm  time  the  '' splashings "  may  travel. 
However  this  may  be,  there  can  be  no  question  that  the  degree  of 
acidity  and  plumbo-solvent  ability  observed  in  the  rain-water  is  quite 
insufficient  to  cause  the  extreme  acidity  and  vigorous  solvent  action 
on  lead  observed  in  many  moorland  waters.  And  the  facts  established 
in  relation  to  the  filtration  of  neutral  water  through  peat  and  the 
bringing  of  neutral  water  into  sustained  contact  with  peat  have,  as 
regards  acidity  produced  in  moorland  waters,  rendered  the  foregoing 
hypothesis  almost,  if  not  wholly,  untenable. 

2.  The  oxidation  of  iron  pyrites  resulting  in  the  formation  of 
sulphuric  acid  and  ferrous  tfulpbate.  This  explanation  of  the  acidity 
of  moorland  waters  has  been  ably  advocated  and  merits  careful 
consideration. 

On  one  of  the  gathering  grounds  (Rochdale),  wbic^h  was  made  the 
subject  of  attentive  8tudy,  there  was  found  a  disused  mine  containing 
rock  very  rich  in  iron  pyrites.  At  one  time,  the  water  draining  from 
this  mine  obtained  access  to  the  waterworks,  and  contaminated  the 
supply  to  a  serious  extent.  Although  this  is  no  longer  the  case,  it 
was  thought  desirable  to  te£t  samples  of  this  water,  as  regards  acidity 
and  action  on  lead.  The  results  of  this  examination  have  been  fully 
considered  in  this  report ;  the  water  was  found  to  be  extremely  acid, 
and  was  also  plumbo-solvent  in  character.  Further,  a  filter  constructed 
of  rock  obtained  from  the  mine  rendered  neutral  water,  continuously 
filtered  through  it  for  a  prolonged  period,  highly  acid,  and,  when 
suitably  diluted,  plumbo-solvent  as  well.  So  that,  unquestionably,  iron 
pyrites  is  a  possible  source  of  the  acidity  of  moorland  waters.  In  this 
report  numerous  experiments  have  also  been  described  in  which  iron 
pyrites  was  kept  in  contact  with  water  for  a  long  time,  and  was  also 
mixed  with  peat;  the  mixed  peat  and  pyrites  were  ** treated "  in  a 
number  of  different  ways.  Thus,  sometimes  the  peat  mixed  with  iron 
pyrites  was  '*  weathered  "  for  a  long  time,  and  then  neutral  water  was 
slowly  passed  through  it ;  at  other  times  the  mixture  was  left  for  a 
considerable  time  in  contact  with  neutral  water;  yet  again  in  other 
experiments,  neutral  water  was  continuously  or  intermittently  filtered 
through  a  funnel  containing  the  mixture  of  peat  and  pyrites.  The 
experiments,  as  a  whole,  showed  that  neutral  water  brought  under 
the  conditions  described  above  into  relation  with  iron  pyrites  is  apt 
to  acquire  acid  properties. 

Great  difficulty  was  experienced  in  obtaining  any  reliable  information 
as  to  the  presence  and,  if  present,  the  distribution  of  iron  pyrites  on 
the  various  gathering  grounds.  If  present  in  the  rock  underlying  the 
surface  soil,  the  occurrence  of  acidity  in  moorland  spring  water  obtained 
in  the  close  vicinity  might  have  been  anticipated.  But  this  has  not 
been  found  to  be  the  case,  and,  moreover,  the  ferruginous  spring  water 
on  moorland  gathering  grounds  was  also  observed  to  be  neutral 
in  reaction.  Further,  the  water  issuing  from  rock  on  moorland 
gathering  grounds  it<,  as  compared  with  the  huge  bulk  of  acid  water 
derived  from  the  surface  drainage  of  peat,  very  small  in  amount.  It 
has  been  observed  repeatedly  on  moorland  gathering  grounds  that, 
when  the  surface  water  is  at  its  minimum  (dry  weather  fiow),  the  water 
reaching  the  waterworks  is  least  acid,  and  when  at  its  maximum 
B    98614.  D    D 
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(storm  time),  the  maximam  acidity  is  attained  in  the  water  cc^iected 
at  the  waterworks.  The  worst  moorland  waters,  as  regards  aciditj, 
uave  always  been  found  to  be  those  in  which  die  qnantitj  of  surface 
peat  J  water  was  at  a  maximum  and  the  quantity  of  water  whieh  bad 
passed  over  or  throng  the  rock  at  a  minimum.  Moreover,  the  pro- 
longed series  of  experiments,  in  which  peat  removed  from  the  gathering 
grounds  has  been  shown  to  be  capable  of  rendering  acid  a  rdativelj 
large  bulk  of  neutral  water,  the  peat  being  either  left  in  contact  with 
the  water  or  the  water  continuously  or  intermittently  filtered  through 
it,  will  hardly  admit  belief  in  any  theory  which  does  not  invc^e  the 
acceptance  of  peat  as  the  substance  concerned  in  the  production  of 
acid.  It  can  hardly  be  supposed  that  iron  pyrites  has  a  univeiaal  dis- 
tribution in  the  peat  on  moorland  gathering  frroonds.  There  is 
<lifficulty,  therefore,  in  accepting  the  oxidation  of  iron  pyrites  as  the 
sole  explanation  of  the  acidity  observed  in  moorland  waters. 

3.   Hie  microphytic  theory^  advanced  by  Mr  Power  in  1887. 

In  summarising  the  observations  arising  out  of  the  inquiries  made  at 
Sheffield  in  connection  with  lead  poisoning,  traced  by  Dr.  Sinclair  White 
to  moorland  water  supply,  Mr.  Power  wrote  as  follows* : — 

^  Phenomena  such  as  these  if  observed  in  the  biological  laboratory  in 
relation  with  the  life  processes  of  one  or  another  mierophyte  woold  not 
be  difficult  of  comprehension.  The  suggestion  of  them,  therefore,  in 
this  connection  will  have  raised  suspicion  whether  the  inacrutable 
behaviour  of  soft  moorland  waters  in  regard  of  the  plnmbo-4oWent 
ability  may  not  be  related  to  the  agency,  direct  or  indirect,  of  low  forma 
of  organic  life.  So  that  the  question  would  seena  to  be  arising  whether 
chemistry,  which  by  itself  has  failed  to  afford  satisfactory  explanation  of 
the  plumbo-soWency  of  moorland  water,  may  not  get  advantage  by 
association  of  biology  in  the  problem." 

In  this  report,  it  has  been  pointed  out  that  moist  peat  is  practically 
always  add  in  reaction,  and  that  peat  removed  from  the  gathering 
grounds  and  brought  into  relation,  in  a  variety  of  ways,  with  a  reUtively 
large  quantity  of  neutral  water  has  the  power  of  rendering  such  water 
add  and  plumbo-solvent  in  character.  Further  it  has  been  shown  that 
^  mixture  of  micro-organisms  obtained  from  peat,  when  introduced  into 
a  sterile  decoction  made  tolely  from  petti,  not  uncommonly  renders  the 
peat  decoction  acid  and  plumbo-solvent  in  character.  Lastly,  that  two 
microbes  (Peat  bacteria  O  ^^^  Q)  isolated  from  peat  can,  when 
separately  lidded  in  pure  culture  to  sterile  peat  deooction,  produce  (he 
same  effects,  as  regards  acidity  and  plumbo-solvency,  as  are  observed 
when  a  mixture  of  peat  microbies  is  used  for  inoculation  purposes. 

Similar  biological  results  were  obtained  when  peaty  water  instead  of 
peaty  soil  was  used  for  experimental  purposes;  bat  it  is  probable 
that  the  acid-producing  microbes  in  such  water  are  derived  from  peat^ 
and  that  a  water,  when  it  has  left  the  peat,  has  completed  its  life  hbtory 
so  far  as  acidity  is  concerned.  In  this  c<mnection  it  will  be  remembered 
4hat  it  has  been  shown  that  add  moorland  waters  (not  fortified  with 
peat  decoction)  tend  to  lose  and  never  to  gain  acidity  on  keepings 
Further,  that  add  moorland  waters  after  neutralisation  do  ■  not  on 
keeping  become  appreciably  acid  again. 

These  results  undoubtedly  lend  support  to  Mr.  Power's  theory-^  that 
the  antecedent  cause  of  the  acidity  of  moorland  waters  is  to  be  nought 
for  in  the  life  processes  of  low  forms  of  organic  life.     These   life 


*  Sopplement  to  the  17th  Annual  Beport  of  the  Loeal  GoTemment  Board. 
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processeSy  it  is  believed,  are  carried  out  in  the  substance  of  moist  peat 
soil,  tbe  acid  substances  being  manufactured  in  stlu  and  washed  into  the 
waterworks  with  each  successive  rainfall. 

Of  other  substances,  found  in  the  peat  or  underlying  the  peat,  and 
"which  might  be  associated  with  acid  production,  mention  has  already 
been  made.  Deposits  of  iron  (in  the  form  of  what  is  locally  known  as 
^*  iron  ore,"  "  bog  iron  ore,"  &c,)  extracted  from  the  peat  or  scraped 
irom  the  marl  underlying  the  peat  have  been  made  the  subjects  of 
experiment ;  so  also  have  shale  and  sandstone  rock  underlying  the  peat. 
In  all  cases,  the  results,  as  regards  acid  production,  have  been  practically 
siegative. 

There  are  many  circumstances  which,  in  connection  with  the  antece- 
dent cause  of  the  acidity  of  moorland  waters,  still  remain  obscure.  It 
would  seem,  however,  that  the  most  probable  theory  is  that  the  acid  is 
manufacturcxi  in  the  substance  of  the  peat,  and,  further,  that  such 
acidity  is  produced  (at  all  events,  in  part)  by  the  vital  activity  of  peat 
inicro*organisms . 


1)  D  2 
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SECTION  IV.-GENERAL  SUMMARY  AND 
CONCLUSIONS. 


I.— Ekosion  op  Lead. 

1.  It  was  pointed  out  in  Volume  I.  that  there  is  a  difference  in  kind 
of  the  action  exercised  bj  water  on  lead.  The  one  kind  of  action 
(plunibo-solyency)  is  brought  about  by  acidity  of  the  water,  and  has 
been  considered  in  great  detail  both  in  Volume  I.  and  in  the  present 
report.  The  other  kind  of  action  (erosion),  dealt  with  only  incidentally 
in  Volume  I.,  is  an  inherent  property  of  water  containing  dissolved  air. 
All  waters  do  not  erode  lead,  because  most  waters  contain  substances 
which,  when  brought  into  contact  with  lead,  coat  the  bright  surface  of 
the  metal,  thus  preventing  any  further  action  taking  place.  Erosion 
may  be  described  as  the  power  possessed  by  some  waters  of  acting, 
in  the  presence  of  dissolved  air,  on  bright  lead  by  eating  away  the 
surface  of  the  metal.  Some  moorland  waters  are  not  only  acid  and 
poosesse<l  of  plumbo -sol vent  ability,  but  *' erode"  lead  as  well.  But  in 
the  absence  of  associated  acidity  and  plumbo- solvency,  ability  to  erode 
lead  appears  to  be  of  secondary  importance.  Erosive  ability,  per  se,  is 
not  to  be  regarded,  seemingly,  as  an  intrinsically  dangerous  quality  of  a 
water  unless  under  special  conditions  and  in  the  presence  of  bright  lead. 
The  method  of  testing  waters,  as  regards  erosion  of  lead,  is  fully 
described  in  Section  I.  of  this  report.  The  following  is  a  brief  summary 
of  the  numerous  experiments  carried  out  in  this  connection : — 


Rain  and  Snow  Water, 

2.  Pure  rain  and  snow  water  commonly  erode  lead  in  vigorous 
fashion. 

Distilled  Wafer. 

3.  Distilled  water,  if  pure  and  neutral  in  reaction,  is  u<:ual]y  posse^^sed 
of  conspicuous  erosive  power. 

4.  The  following  substances  or  conditions  do  not  seemingly  influence, 
to  any  material  extent,  the  erosive  power  of  distilled  water*: — 
Shaking  the  water  with  one  or  other  of  the  following  substances  and 
then  filtering  :  silica,  powdered  flint,  and  powdered  polarite ;  repeated 
filtration  through  limestone  (in  the  laboratory) ;  keeping  for  long 
periods  in  partially  filled  and  unstoppered  bottles  or  in  bottles  completelj 
filled  and  stoppered  ;  boiling,  if  followed  by  aeration ;  exhaustion  of 
the  dissolved  gases,  if  followed  by  aeration  ;  aspirating  air  through  the 
wator ;  saturation  with  hydrogen  gas,  if  followed  by  aeration  ;  Repeated 
distillation;  presence  or  absence  of  light;  f?  addition  of  sodium  and 
potassium  nitrate  and  nitrite]. 

5.  The  following  substances  or  conditions  tend  to  increase  the  erosive 
power  of  distilled  water*: — Ammonium  nitrate  ;  Complete  aeration; 
Prolonged  contact;  Free  exposure  of  the  surface  of  the  liquid  to 
the  air. 


See  note  p.  4S1. 
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6.  The  following  substances  or  conditions  inhibit  to  a  greater  or 
less  extent  the  erosive  power  of  distilled  water* :— Anaerobic  conditions  ; 
Saturation  of  the  water  with  pure  hydrogen  gas;  Saturation  with 
pure  ozjgen  gas;  Ammonium  carbonate;  Sodium  carbonate  and 
sodium  and  calcium  bicarbonates ;  Sodium  and  calcium  phosphates; 
Hagneaium  and  calcium  sulphates ;  Ammonium  and  sodium  chlorides : 
'*  Coated**  lead  ;  Hard  limestone  water ;  Lime  water  (slight)  ;  AUojs  of 
lead  and  tin  ;  Shaking  with  powdered  chalk  and  limestone^  followed  bj 
filtration. 

7.  Substances  or  conditions  which  delay,  rather  than  prevent,  the 
erosive  power  of  distilled  water*  : — Mineral  acids  and  carbonic  acid  (in 
the  strengths  used  in  the  experiments)  ;  Imperfect  aoratiou, 

iHoorland  Waters, 

8.  Acid  moorland  waters  frequently  erode  bright  lead,  and  if  con- 
spicuous for  acidity  are  apt  to  possess  most  vigorous  erosive  power. 
Erosion  does  not  seem  to  occur  almost  immediately,  as  in  the  case  of 
distilled  water,  but  only  slowly ;  the  lead  not  uncommonly  acquires  an 
imperfect  coat,  which  later  tends  to  fall  away  in  patches,  leaving  the 
snHace  of  the  metal  exposed  to  the  erosive  action  of  the  water. 

9.  Neutral  or  only  feebly  acid  moorland  waters  usually  display  little 
or  no  appreciable  erosive  power;  but  they  are  nearly  always  **near  the 
possession  "  of  erosive  ability  ;  this  may  be  proved  by  adding  to  them 
bright  lead  and  renewing  it  one  or  more  times,  and  thus,  by  exhausting 
the  *'  pinmbo-protective  *'  substances  present,  a  vigorous  erosive  action 
4MUI  be  induced. 

10.  Such  moorland  spring  waters  as  were  tested  were  commonly  free 
from  erosive  power,  and,  not  uncommonly,  possessed  as  well  what  may 
be  termed  a  reserve  of  *'  plumbo-protective  "  ability. 

11.  The  following  substances  or  conditions  either  increase,  diminish, 
or  prevent,  or  do  not  materially  affect  the  erosive  power  of  moorland 
waters :  —  Storing  acid  moorland  waters  for  long  periods  in  par- 
tially filled  and  nnstoppered  bottles  and  the  concentration  of  an  acid 
moorland  water  by  boiling  did  not  prevent  erosion  from  taking  place. 
The  use  of  alloys  of  lead  and  tin  and  '^coated"  lead  were  not 
altogether  satisfactory  as  regards  erosion.  Sodium  carbonate,  espe- 
cially if  present  in  excess  of  the  amount  required  exactly  to  nentralise 
the  water,  proved  to  be  most  efficacious  in  not  only  preventing  the 
occurrence  of  erosion,  but  also  in  placing  the  water  in  a  position 
xemote  from  erosive  ability. 

Lime  water  appeared  to  be  less  efficacious  in  the  latter  respect.  The 
addition  of  calcium  bicarbonate,  either  in  the  form  of  artificially 
prepared  calcium  bicarbonate  solution,  or  as  a  natural  limestone  water, 
or  by  saturating  the  water  first  with  carbonic  acid  and  then  filtering 
through  marble,  was  usually  satisfactory,  provided  the  bicarbonate  was 
present  in  sufficient  amount  in  the  water.  A  series  of  experiments,  in 
which  acid  moorhmd  waters  were  filtered  through  limestone,  polarite, 
asbestos,  sand,  flint  and  marble,  seemed  to  show  that  polarite,  asbestos, 
sand  (river  sand,  sandstone  sand,  and  *'  HCl  treated  "  sea  sand)  and 
flint,  and  in  some  measure  limestone,  sea  sand  (untreated),  and  marble 
were  not  altogether  satisfactory ;  since  either  erosion  was  inhibited,  not 


*  These  remarka  to  be  read  snbject  to  the  amounts  of  materials  emplojed  and  tht 
x^nditions  of  experiment  specified  in  the  yarions  tables. 
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preveqtedy  or  the  water  was  left  in  a  condition  not  far  remote  from  thc^ 
possession  of  erosive  ability.  Nevertheless,  in  some  of  the  experi— 
meats,  especially  those  with  the  sea  sand,  the  results  were  good. 
Shaking  acid  moorlapd  waters  with  silica  (SiOj)  did  not  leave  them 
in  a  safe  condition  as  r^ards  erosion.  Calcium  and  sodium  phosphates 
bad  an  inhibitory  action,  but  sulphates  and.  chlorides  did  not  prevent 
erosion  from  taking  place  ;  nitrites  and  nitrates  (especially  ammonium 
nitrate)  increased  erosion.  A  series  of  experiments,  in  which  the  acid 
moorland  waters  were  shaken  with  limestone,  chalk,  Iceland  spar, 
marble,  polarite  and  flint,  showed  that  polarite  and  flint  were  un- 
reliable to  counteract  erosive  ability;  but  that  the  rest  of  the  above-^ 
named  substances,  not  only  inhibited  erosion,  but  usually  placed  the 
waters  remote  from  the  possession  of  the  ability  to  erode  lead. 

Evaporating  an  acid  moorland  water  to  dryness,  and  dissolving  the 
residue  (with  or  without  ignition)  in  its  own  distillate,  gave  a  liquid 
possessed  of  greater  erosive  power  than  the  moorland  water  itself.  • 

Natural  Waters  other  than  JBain  or  Moorland  Waters, 

12.  Natural  waters,  other  than  rain  or  moorland  waters,  commonlT- 
not  only  fail  to  erode  lead,  but  are  remote  from  the  possession  of  this 
Ability  to  do  so,  'since  thtey  contain  A  resolve  of  "  plumbo-protective  '** 
sttbsfances/   This  is  specially  the  case  with  a  hard  limestone  water. 

Remedial  Measures,  a     i. 

13.  "Treatment"  of  water,  whether  on  the  waterworks  or  iii  the- 
laboratory,  is  seldom  quite  satisfactory ;  because,  although  it  frequently^ 
inhibits  or  i^ven  prevents  appreciable  erosion  from  taking  place,  yet  the- 
water  is  left  in  a  oondHion  not  remote  from  the  possession  of  oon* 
spicuouB  erosive  ability.  Sometimes,  indeed,  the  treatment  seems- 
actually  to  render  the  water  moro  prone  to  erode  lead.  But  "treat- 
ment" with  sodium  carbonate,  whether  carried  out  at  a  waterworks 
{e,g,f  Wakefield  Waterworks)  or  in  the  laboratory,  if  performed  in 
such  a  way  as  to  leave  traces  of  this  substance  in  the  water  (i.e.,  in 
alight  excess  of  exact  neutralisation),  appears  to  place  the  water, 66> 
treated  in  a  condition  remote  from  the  possession  of  erosive  ability,i. 
The  experiments  seem  to  indicate  that,  in  practice,  it  might  be  cheaper 
to  resort  to  a  preliminary  lime  or  combined  lime  and  saiid  filtration' 
treatment,  thus  correcting  the  acidity,  plumbo- solvent  ability,  and  gross 
erosive  power,  and  then  to  supplement  this  treatment  finally  with  the 
further  addition  of  sodium  carbonate  in  minimal  amount,  so  as,  by 
endowing  it  with  a  reserve  of  a  "  plumbo-protective  "  su^stapce,  to  place 
the  water  in  a  condition  remote  from  the  possession  of  erosive  ability* 
There  would  seem  to  be  this  difference  between  erosion  and  plumbo 
solvency,  namely,  that  any  treatment  of  a  neutralising  sort,  even  if 
imperfectly  carried  out,  always  renders  an  acid  moorland  water,  as 
regards  plumbo-solvency,  less  dangerous  than  before ;  wtiereas,  as 
regards  erosive  ability,  insufiicient  treatment  may  produce  no  appreciable 
inhibition  of  erosion,  and,  if  laboratory  experiments  are  to  l)e  trusted, 
may  even,  in  certain  cases,  render  the  partially  treated  water  more 
prone  than  before  to  erode  lead  in  vigorous  fashion.  Treatment  of  any 
kind,  be  it  noted,  must  alter  the  composition  of  a  water,  and  if  the 
treatment  be  accompanied  by  filtration,  the  suspended  matters  being 
removed,  it  will  tend,  for  good  or  ill,  to  modify  the  character  of  protective 
coating  deposited  by  the  treaied  water  on  the  lead.     This  does  not,  of 
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•course,  cast  any  doQbt  as  to  the  wisdom  of  'treating"  acid  moorland 
waters.  It  is  imperative  to  correct  the  aciditj,  and  thereby  the  plumbo- 
solvent  abilttjy  of  moorland  waters,  sinoe  it  is  in  this  direction  that  the 
manifest  danger  lies^  In  most  cases  such  treatment  will  inhibit,  or 
prevent,  erosion  as  well ;  but  the  treatment  to  obviate  erosion  should  be 
thorough,  and  also  should  be  of  such  a  kind  as  to  place  the  treated  water 
in  a  condition  remote  from  the  possession  of  erosive  ability. 

'Bisk  of  a  water  acquiring  abiUty  to  act  on  lead  may,  as  was  pointed  out 
IB  Volume  J.,  in  great  measure  be  guarded  against  by  methods  designed 
to  exclude  from  the  supply  contributory  waters  which  experience  has 
ahown  to  be  conspicuously  and  uniformly  acid,  plumbo-solvent,  or 
erosive  in  character ;  and  also,  by  mechanical  contrivances,  to  exclude 
access  after  prolonged  drought  to  the  supply  of  the  ''  -first  wssbings  "  of 
peaty  soil. 

11. — Plumbo-solvencit. 

14.  The  correlation  of  acidity  and  load -dissolving  property  in  regartf 
of  moorland  waters  (correlation  of  acidity  and  plumbo-solvency  and 
relation  between  amount  of  acidity  and  vigour  of  solvent  action  on  lead) 
has  been  already  dealt  with  in  great  detliil  in  Volume  I.  The  results 
set  forth  in  the  present  report  confirm  those  already  recorded,  and  yield 
fresh  information  in  a  number  of  important  directions,  e.^.,  the  effect  of 
different  kinds  of  ^  treatment''  of  moorland  waters  as  regards  acidity 
and  plumbo-solvency.  For  details  of  the  method  of  testing  water,  as 
regards  plumbo-solvency.  Volume  I.  must  be  consulted. 


Bain  and  Snow  Water. 

15.  Rain  and  snowwater  are  usually  neutral  and  free  from  appreciable 
7>lnmbo-slilvent' ability.  Some  samples  of  rain-water,  however,  collected 
on  high  gathering  grounds,  in  the  neighbourhood  of  large  manufacturing 
towns,  have  been  found  to  be  possessed  of  some  slight  degree  of  acidity 
and  IcHid-dissolving  power. 

Distilled  Water, 

16.  Pure  distilled  water  is  commonly  neutral  in  reaction  and  free 
f^om  definite  plurobo-solvent  powers. .  Some  samples  of  distilled  water,, 
however,  may  be  acid,  and  in  these  cases  the  water  dissolves  lead  to  an 
extent  roughly  corresponding  with  the  degree  of  acidity,  i  t  was  found 
that  the  naturally  acid  and  plumbo- solvent  samples  of  distilled  water 
were  rendered  neutral  and  non-plumbo-solvent  in  character  by  boilings 
aeration,  neutralisation,  or  storing  for  some  time  in  partially  tilled  and 
unstoppered  bottles. 

Afoorland  Waters, 

17.  As  previously  explained,  the  question  of  the  correlation  of  acidity^ 
and  lead-dissol\  ing  property  and  the  broad  parallelism  between  the 
amount  of  acidity  and  vigour  of  solvent  action  on  lead  was  fully  con* 
aidered  in  Volume  I. ;  and  the  confirmatory  result  set  forth  in  the 
present  report  may  be  said  to  establish  the  matter  as  a  fact.  There 
remains  for  consideration  the  substances,  conditions,  or  factors  whiclv 
tend  to  increase,  modify,  or  remove  the  acidity  and  plumbc-solveni 
ability  of  moorland  waters. 
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IS.  The  folIowiDg  snbstanceSy  conditioos,  or  factors  do  not  seem,  with 
regard  to  moorland  waters,  to  influence  materially  the  question  of 
acidity  and  plumbo-solveacy,  or  at  hest  can  only  be  considered  as 
of  relative  value : — Magnesium  and  calcium  sulphates,  sodium  and 
ammonium  chlorides,  in  the  proportion  of  0'  1  per  cent. ;  Storing  moor- 
land waters  in  partially  filled  and  unstoppered  bottles  for  long  periods ; 
Boiling  (as  regards  some  waters  at  all  event?) ;  Aeration ;  Shaking  with 
powdered  flint,  silica,  and  certain  kinds  of  sand;  Filtration  through 
asbestos,  coke,  polarite,  flint,  and  certain  kinds  of  sand ;  *'  coated " 
lead. 

19.  The  following  substances,  conditions,  or  factors  seem  to  increase 
the  plumbo-solvent  ability  of  moorland  waters : — Potassium  sodium  and 
ammonium  nitrates  (to  some  extent  seemingly) ;  Concentration  by  boiling 
(with  some  waters,  at  all  events) ;  [  ?  temperature  and  duration  of 
contact,  within  certain  limits]. 

20.  The  following  substances,  conditions,  or  factors  may  remove  the 
plumbo-solvent  ability  of  moorland  waters  : — Ammonium  and  sodium 
carbonates,  lime  water,  limestone  water;  Calcium  and  sodium  phos- 
phates, if  present  in  amount  sufficient  to  neutralise  the  acidity ;  Shaking 
with  excess  of  powdered  chalk,  marble,  Iceland  spar,  limestone,  and 
certain  kinds  of  sand,  by  neutralising  the  acidity ;  Filtration  through 
Iceland  spar,  marble,  limestone,  chalk,  and  certain  kinds  of  sand,  bj 
neuti*alising  the  acidity.  [Potassium  silicate  and  sodium  nitrite 
inhibited  plumbo-solvency,  but  the  samples  were  alkaline  in  reaction 
and  neutralised  the  acidity.] 

21.  The  continuous  passage  of  an  acid  moorland  water  through  the 
same  lead  shot  did  not  result  in  the  water,  at  the  close,  dissolving  less 
lead  than  in  the  earlier  stages  of  the  experiment. 

22.  The  repeated  filtration  of  the  same  sample  of  moorland  water 
through  the  same  lead  shot  did  not  result  in  the  water  dissolving  more 
and  more  lead  as  the  filtration  was  repeated  again  and  again. 

Natural  WcUers  other  than  Rain  or  Moorland  Waters. 

23.  No  special  experiments  were  carried  out  under  this  heading,  for 
the  reason  that  the  investigation  of  the  negative  side  of  the  question  of 
plumbo-solvency  was  sufficiently  covered  by  the  examination  of  multiple 
samples  of  moorland  spring  waters  and  moorland  treated  waters. 
These  results  have  already  been  set  forth  in  Volume  I. ;  and  it  only 
remains  to  say  that  the  moorland  spring  water  and  the  moorland 
treated  (when  the  treatment  was  satisfaetory)  water,  were  always 
found  to  be  neutral  and  free  from  appreciable  solvent  action  on  lead. 

III.— Thb  Cacsb  of  the  AciDiiT  OF  Moorland  Waters. 

(a.)   Chemical  Earperimenis, 

24.  If  acid  moorland  waters  be  kept  for  some  time  in  completely 
tilled  and  stoppered  bottles,  there  is  either  no  loss  or  only  a  slight  loss 
of  their  initial  acidity.  If  the  waters  be  kept  in  partially  filled  and 
unstoppered  bottles,  an  appreciable  loss  of  acidity  usually  occurs. 
Under  neither  set  of  conditions  was  any  appreciable  gain  in  initial 
acidity  observed  after  prolonged  storage. 

25..  Acid  moorland  waters  do  not,  after  neutralisation,  re-develop 
acidity,   although   stored   for  considerable    periods — (a)  in  stoppered 
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bottles   with   an   air   space,    (b)   m   unstoppered   bottles,   and   (c)   in 
completely  filled  and  stoppered  bottles. 

26.  Boiling  and  aerating  acid  moorland  waters  sometimes  has  the 
effect  of  dimmishing  the  amount  of  their  aciditj;  but  other  waters, 
when  concentrated  by  boiling,  gain  in  aciditj  to  an  extent  roughly 
correspondiog  to  the  degree  of  concentration  of  the  water. 

27.  The  addition,  separately,  to  neutral  distilled  water  of  peat  ash, 
«uiphide  of  iron,  iron  deposits  (obtained  from  peat  or  scraped  from  the 
marl  underlying  the  peat),  sandstone,  and  shale  (underlying  the  peat), 
did  not  render  the  water  appreciably  acid.  The  addition  of  these 
Babstanoes  to  acid  moorland  waters  did  not  lead  (indeed,  sometimes  the 
reyerse  was  the  case)  to  any  material  gain  in  the  initial  acidity.  But 
marcasite,  and  iron  pyrites,  had  the  effect  of  rendering  neutral  water 

JMUd. 

28.  Samples  of  water  (drainin;^s)  obtained  from  a  disused  mine  (rock 
rich  in  iron  pyrites)  on  a  moomnd  gathering  ground  were  found  to 
be  acid  and  plumbo-solrent  in  character,  but  practically  free  from 
erosive  ability.  A  laboratory  filter  was  constructed  of  the  broken  rock 
(rich  in  iron  pyrites)  obtained  from  this  mine,  and  neutral  water  was 
for  several  months  continuously  filtered  through  it.  The  filtrate  was 
always  found  to  be  very  acid,  and,  when  suitably  diluted  with  neutral 
distilled  water,  to  dissolve  lead  to  marked  extent.  There  can  be  no 
doubt,  therefore,  that  the  oxidation  of  iron  pyrites  may  be  advanced  as 
ti  possible  antecedent  cause  of  the  acidity  of  some  moorland  waters. 
But  it  cannot  well  bo  accepted  as  the  sole  explanation  of  the  acidity  of 
moorland  waters  in  general,  unless  it  be  assumed  that  iron  pyrites  has 
a  universal  distribution  on  moorland  gathering  grounds.  Because,  as 
will  presently  be  pointed  out,  samples  of  peat  obtained  from  many 
different  gathering  grounds,  and  subjected  in  the  laboratory  to  conditions 
simulating  as  closely  as  possible  the  stagnation  In,  or  filtration  of  rain 
through,  the  peat,  which  under  natural  conditions  takes  place,  invariably 
conferred  on  the  neutral  distilled  water,  or  rain-water  brought  into 
relation  with  it,  acid  and  plnmbo-solvent  chaiticters. 

29.  A  relatively  small  quantity  of  peat  can  render  acid  and  plumbo- 
solvent  a  large  bulk  of  neutral  and  non-plumbo-solvent  water,  under 
the  following  conditions  of  experiment : — 

(a.)  Peat  left  in  contact  with  a  large  bulk  of  stagnant  water. 

(b,)  Water  intermittently  filtered  through  peat. 

(c.)  Water  continuously  passed  through  peat,  which  is  kept 
saturated  with  water. 

It  has  been  conclusively  proved  that  one  part  of  peat  may  be  capable 
of  rendeiing  acid  and  plumbo-solvent  more  than  one  hundred  parts  of 
a  neutral  non-plumbo-solvent  water. 

80.  Peat  alone  confers  practically  as  much  acidity,  and  plumbo- 
solvency,  on  neutral  waters  as  peat  mixed  with  sulphide  of  iron, 
powdered  shale,  or  deposits  of  iron  (obtained  from  the  peat).  But  peat 
mixed  with  iron  pyrites  is  apt  to  render  water  more  acid,  and  plumbo- 
solvent,  in  character  than  peat  by  itself. 


(&.)  Bacterioiogical  Experiments. 

31.  In  1893  it  was  observed  that  the  moist  peat  soil  tested  in  situ  on 
the  Bentham  moorland  gathering  ground  had  practically  always  an 
acid  reaction.     The  same  was  found  to  be  the  case  with  the  peat  tested 
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during  tho  sar^o^fl  of  the  cbief  moorland  gathering  grounds  of  York- 
shire  and  Lancashire.  Further^  it  was  f^nd  that  acid  moorland 
waters  did  not  gain,  but  tended  to  lose  their  initial  acidity  on  keeping, 
andt  if  first  neutralised,  did  not  redevelop  acid.  Again,  rain-water 
draining  from  peat,  or  Ijing  stagnant  in  hollows  or  depressions  in  the 
peat,  was  nearly  always  found  to  be  acid  in  reaction ;  and  the  more 
peaty  the  water,  the  more  acid  was  it  usually  found  to  be.  Lastly, 
petft  remoyed  from  the  moorland,  tod  brought  into  relation  with 
neutral  water  in  a  variety  of  ways,  bat  always  in  soeh  »  maaner  las.  to 
simulate  natural  conditiohs,  was  found  toposseas  the  power  of  render* 
ing  neutral  water  acid  and  plambd^solveut  in  character.  .  These 
obsl^rvfltions  led  tt>  a  prolonged  stody  of  the  baeteriology  of  peat^  Ktkd 
to  the  use  as  a  nutfrient  medium  of  a- decoction  made  solely  from  peat. 

32.  It  was  found  that  certain  acid  moorland  waters,  with  and 
without  the  inhibition  of  bacterial  growth  by  means  of  alcohol,  did  not 
gain  in  acidity  on  keeping  ;  but  if  the  nutritive  value  of  the  waters  was 
increased  by  the  addition  of  sterile  peat  diecoction,  there  usually  occurred 
in  the  mixture  containing  no  alcohol  an  increase  of  acidity. 

33.  Similarly  it  was  found  that  the  addition  to  sterile  peat  decoction 
of  acid  moorland  waters  in  minute  amount,  not  uncommonly  led  in 
the  •  decoction  to  bacterial  growth  and  development  of  acidity.     The 

.acid -producing  bacteria  in  the  water  were  derived,  it  would  seem, 
from  the  peat; 

34.' A  "mixture  ^  peat  microbes  added  to  .sterile  peat  decoction 
likewise  not  uncommonly  resulted  in  the  production  of  i^id. 

'  3o.  Isolated  in  pure  culture,  these  peat  microbes  for  the  moat  part 
failed  to  render  sterile  peat  decoction  appreciably  acid. 

36  A  minority,  two  in  number  (Peat  bacterium  O  ^nd  Peat  bacter- 
ium Q),  were  found  to  be  capable,  when  introduced  into  sterile  peat 
decoction,  of  rendering  the  liquid  acid  and  plumbo- solvent  To  cLaracter. 

37.  From  the  results  detailed  in  this  report  it  is  impossible  to.  igixo^re 
the  fact  that  peat  divorced  from  the  moorland,  and  brought  into 
relation  with  neutral,  water  can,  under  laboratory  conditions  of  experi- 
ments, be  brought  to  yield  to  such  water  qualities  which,  as  regards 
acidity  and  plumbo-solvency,  are  undistinguishable  from  the  similar 
attributes  characteristic  of  natural  peaty  waters. 

38.  It  may  therefore  be  taken  as  established  that  the  chief  antece- 
dent cause  of  the  acidity  of  moorland  waters  is  to  be  sought  for  in  the 
peat. 

39.  It  is  a  difficult  problem  to  determine  by  what  process,  chemical 
or  biological,  the  peat  yields  up  its  potential  acidity  to  water  brought 
into  sustained  contact  with  it,  or  flowing  over  it  or  through  it. 

40.  But  the  facts  recorded  in  this  report,  as  regards  the  power 
possessed  by  certain  peat  microbes  to  render  a  sterile  neutral  decoction 
made  sold jf  from  peat  both  acid  and  plumbp-solvent  in  character,  lend 
support  to  Mr.  Power's  forecast  of  1887,  namely,  that  the  inscrutable 
behaviour  of  soft  moorland  waters  in  regard  of  plumbo-solvent  ability  may 
be  related  to  the  agency,  direct  or  indirect,  of  low  forms  of  organic  life. 

41.  In  conclusion,  it  may  be  said  that,  while  in  moorland  waters  the 
cause  of  plumbo-soWency  is  to  be  traced  to  the  presence  of  acid  in  the 
water,  and  the  source  of  the  acid  to  contact  with  peat,  the  antecedent 
cause  of  the  acidity  seems  to  be  associated,  at  ail  events  in  part,  with 
the  presence  of  acid-producing  bacteria  in  the  peat  itself. 
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IV. — SOMR  OF  THE  CoitCtUSIONS  !»  VoLCMI  I.  WHICH,  FOR>  THK 
SAKS  OP  Ck>MPLETSNK8S,  MAV  BR  InCOBPOBATBD  WITH  THB^ 
FORBGOIKO. 

42.  The  history  of  epidemics  of  lead  poisouing  due  to  water  supply^ 
at  all  events  in  the  North  of  England,  clearly  shows  that  the  towns* 
which  have  sn£Eered  in  the  pafit  derived  their  water  supply  from 
moorland  joofces.  In  Bome  cases  we  know  that  the  water  was  acid,  anid 
in  others  there  was  every  reason  to  infer  that. the  water  was  in  a  similar 
condition,  since  the  physical  circumstances  of  the  gathering  ground 
were  the  same. 

For  example,  Sheffield  has  a  "high"  and  a  "low "level  supply. 
Lead  poisoning  occnrred  chiefly,  if  not  entirely,  amongst  the  con- 
snraers  of  the  high-level  supply.  This  water  was  proved  to  be  acid^ 
whereas  the-  low-level  supply  was.  found  .to  be  neuti'al.  The  high* 
level  water  was  treated  with  lime,  whkh  nentnaUsed  the  acidity,  and 
lead  poisoning  was  no  longer  observed.  Both  supplies  were  derived 
from  upland  gathering  grounds;  but  the  high -level  supply  was  richr 
in  acid  peaty  water,  and  contained  very  little  spring  water,  wherea» 
tbe  low-level  supply  contained  a  much  larger  proportion  of  neutral 
spring  water  and  very  little  peaty  Tvater.    . 

Similarly,  Mossley  suffered  from  lead  poisoning  in  1893.  Dr.  Cope- 
man^  in  his  report  to  the  Board,  showed. conclusively,  that  lead  poisooing^ 
was  prevalent  only  nk  .thoee  districts  supplied,  .with  acid  water  from 
Lower  Swinesbaw  Reservoir,  and  that  when  the  neutral  water  from 
Brashes  Reservoir  and  from .  the  Greenfield  Valley  (springs)  wa» 
aiipplied  to  tha  inhabitants,  there*  was  no  lead  poisoning.  Mossley 
WW  kept  under  obsemtion  jf<ir  a  considerable  period.  Not  only  waa 
the  water  in  Lower  Swinesbaw  Reservoir  found  to  be  acid,  but  the 
water  as  delivered  to  Mossley  was  also  found,  to  be  unifonqly  acid  and 
possessed  of  plumbo-solvent  ability.  In  jOecember  1894,  <<  treatment  "* 
of  the  water  was  commenced,  lime  being  added  to  the  water  in  Lower 
Swinesbaw  Reservoir.  Gradually  the  effect  of  the  '^  treatment "  showed 
itself  in  Mossley,  and  eventually  the  water  became  practically  neutral 
and  free  from  plumbo  solvency.  Coincident  with  this  change  in  the 
'quality  of  the  water,  lead-poisoning  was  no  longer  complained  of.  On 
September  25,  1895,  a  visit  was  paid  to  Mossley,  and  the  water  in 
Lower  Swinediaw  Reservoir  tested.  It  was  found  to  be  practically 
neutral  and  free  from  plumbo-solvent  ability. 

43^  Mooriand  gathering  gronnds^  are  usually   rich  in  peat.      The 
amount  of  peat  varies    greatly  on  different  gathering  groundsi  botb 
BuperficiaUy  and  in  depth. 
44L  Moist  peat  has  been  found  to  be  invariably  acid  in  reaction. 

45.  The  water  draining  from  peat  is  always  acid,  and  acid  peaty^ 
water  dissolves  lead.  The  amount  of  acidity  depeods  chiefly  oh  the 
amount  of  peat  and  the  length  of  time  during  which  the  water  has- 
been  in  contact  with  it. 

46.  The  degree  ol  plumbo-iolvency  of  a  water  is  chiefly  governed 
by  the  amount  of  its  acidity. 

47.  Moorland  spring  water  is  neutral  and  often  possessed  of  slight 
aeid-nentralising  ability.  In  virtue  of  this  property,  spring  water  ia 
commonly*  capable  of  neutralising  a  certain  proportion  of  acid  peaty 
water. 

48«  Neutral  water  does  not  dissolve  lead  to  any  appreciable  extent. 

49.  Moorland  waters,  as  received  into  storoge  or  service  reservoirs,. 
Qsually  contain  a  mixture  in  variable  amount  of  acid  peaty  water  and 
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neutral  spring  water.  The  reaction  of  the  ^*  mixed "  water,  at  anj 
given  time,  is  determined  by  the  relative  amount  of  peaty  water  and 
the  degree  of  its  acidity,  on  the  one  hand,  and  by  the  relative  amount 
of  spring  water  and  the  degree  of  its  acid  neutralising  ability  on  the 
other. 

50.  During  dry  weather,  and  especially  at  the  end  of  a  period  of  dry 
weather,  the  water  in  moorland  streams  is  almost  invariably  neutral  and 
free  from  plumbo-solvent  ability. 

61.  During  dry  weather  the  water  in  moorland  streams  is  chiefly 
composed  of  spring  water;  during  wet  weather  the  water  consists 
chiefly  of  surface  water  draining  from  peaty  soil. 

52.  During  stoiins  the  water  in  moorland  streams  is  usually  very 
acid  and  acts  strongly  on  lead.  Especially  is  this  the  case  when  the 
wet  weather  succeeds  a  period  of  drought,  as  then  the  streams  contain 
the  ''  first  washings  "  of  the  peat. 

53.  On  most  moorland  gathering  grounds  there  are  areas  (particularly 
on  the  higher  and  flatter  portions  of  the  gathering  grounds)  where  the 
rain  stagnates  in  peaty,  boggy,  and  marshy  places.  Such  water  has 
always  be3ii  found  to  be  acid  in  reaction. 

54.  On  many  gathering  grounds  a  layer  of  impervious  marl  underlies 
the  beds  of  peat.  This  prevents  the  escape  of  the  rain  in  a  downward 
direction,  and  so  the  water  is  "  held  "  in  the  peat,  or  escapes  only  by 
slow  lateral  percolation.  Thus  the  peat  is  always  moist,  and  each 
successive  rainfall  washes  out  of  the  peat  substances  formed  during  the 
more  or  less  prolonged  contact  of  the  water  with  the  peat,  which  have 
rendered  the  water  considerably  acid. 

55.  The  "  dry  weather "  flow  on  most  moorland  gathering  grounds 
is  very  sn^ll,  and  is  usually  quite  inadequate  to  meet  the  requirements  of 
the  town  or  towns  supplied  with  water. 

56.  In  such  cases,  during  a  period  of  drought,  the  water  in  the 
-compounding  reservoirs  sinks  rapidly  to  a  very  low  level. 

57.  When  heavy  rain  comes  after  drought,  millions  of  gallons  of  acid 
peaty  water  are  frequently  allowed  to  enter  the  water  .vorks.  Indeed  the 
storage  reservoirs  are  constructed  for  this  very  purpose,  namely,  to  store 
for  future  consumption  a  vast  bulk  of  '*  storm "  water,  the  ordinary 
flow  of  the  streams  being  far  too  small  to  keep  the  reservoirs  at  their 
proper  level. 

58.  Thus  it  not  infrequently  happens  that,  during  dry  weather,  a 
reservoir  water  is  strongly  acid,  while  all  or  nearly  all  the  "inlet" 
streams  contain  neutral  water.  In  storm  time,  however,  these  streams 
contain,  not  only  acid  water,  but  the  water  in  them  is  usually  more  acid 
than  the  water  in  the  reservoir  itseK. 

59.  Although  large  quantities  of  peat  are  frequently  washed  into 
reservoirs,  and  although  the  bed:^  of  some  reservoirs  are  largely 
composed  of  peat,  the  acidity  of  the  water  in  moorland  reservoirs  is 
not  to  be  traced,  or  only  in  small  measure,  to  this  circumstance,  but  to 
the  ingress  of  large  quantities  of  add  water  daring  storms.  No  doubt, 
however,  the  peat  washed  into  the  reservoirs  and  the  peat  in  the  bed  of 
the  reservoirs  assists  in  "keeping"  the  water  acid.  Laboratory 
experiments  seem  to  prove  that  an  acid  peaty  water  stored  out  of 
contact  with  peat  does  not  increase  in  acidity,  but  tends  to  lose  some 
of  its  original  acidity. 
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60.  It  would  appear,  as  a  practical  outcome  of  this  inquiry,  that  the 
circumstances  of  every  supply  of  moorland  origin  should  be  considered 
with  reference  to  the  factors  of  plumbo-solvencj  which  exist  upon  it, 
and  in  this  report  endeavour  has  been  made  to  make  clear  the  nature  of 
these  factors  and  their  relative  importance.  It  is  advisable  in-the  case  of 
existing  works  to  test,  not  only  in  the  reservoirs  and  main  streams,  but 
also  in  the  tributary  streams  and  subsidiary  **  feeders,"  during  different 
seasons  of  the  year,  and  under  ordinary  and  extraordinary  conditions  of 
the  rainfall,  in  order  to  arrive  at  a  satisfactory  conclusion  as  to  the 
liability  of  the  supply  in  general,  and  of  its  constituent  waters,  to 
acquire  plumbo-solvent  ability.  Study  of  this  sort  affords  the  most 
satisfactory  means  of  determining  how  best  to  apply  the  remedy,  or 
combination  of  remedies,  needed  in  the  particular  instance. 

In  the  case  of  proposed  new  waterworks,  this  inquiry  Indicates  the 
necessity  of  a  careful  survey  of  the  physical  characters  of  the  gathering 
grounds,  as  well  as  of  ascertaining  the  proportion  of  spring  water  to 
snrface  water  at  different  times  of  the  year  and  under  different  condi- 
tions of  rainfall,  and  of  testing  the  quality  of  the  spring  water  and  its 
power  of  neutralising  acid,  and  the  quality  of  the  surface  water,  especially 
during  wet  weather  and  sudden  storms  following  a  period  of  drought. 
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The  foregoing  table,  m  it  deals  with  a  side  of  the  question  not  proTioual  j 
considered,  has  been  placed  in  Addendum  to  the  report.  In  nearly  all  the 
experiments  carried  ont  during  the  investiffation,*  the  moorland  waters 
were  obtained  from  near  their  source,  in  order  to  avoid  the  possibility  of 
modification  due  to  delay  in  transmission,  passage  through  pipes,  &c. 
In  the  series  under  consideratiou,  the  water  was  collected  in  the  condition 
in  which  it  was  being  supplied  to  the  consumers. 

The  waters  were  test.ed,  as  regards  hardness,  acidity,  plumbo-solTency, 
and  erosive  ability. 

Samples  of  water  were  obtained  from  80  different  sanitary  districts, 
which  were  supplied  from  11  different  waterworks.  Of  these  Mirfield 
U.S.U.  (Huddersfield  Corporation  Waterworks),  Wakefield  R.8.D.  (the 
part  supplied  with  «n<r«i<ed  Wakefield  Water),  and  Todmorden  U.S.D. 
(Todmoraen  Waterworks),  were  being  supplied  with  acid  and  plumbo- 
solvent  water.  Northowram  U.S.D.  (Halifax  Waterworks),  Dewsbury 
U.S.D.  (Dewsbury  and  Heckmondwike  Waterworks),  and  Skelmanthorpe 
U.S.D.  (Dewsbury  and  Heckmondwike  Waterworks),  were  also  receiving 
waters  yielding  positive  results  as  regards  acidity  and  action  on  lead. 
Bat  in  their  case  the  acidity  and  plumbo-solvent  ability  were  not  nearly 
so  well  marked  as  in  the  case  of  liurfield,  Wakefield  (part  of  B.S.D.),  and 
Todmorden.  The  rest  of  the  samples  yielded  negative  results  as  regards 
acidity  and  plumbo-solvencv.  It  is  worth  noting  that  the  rural  sanitary 
district  of  Wakefield  was  oeing  supplied  with  three  different  kinds  of 
water,  namely,  Halifax  Waterworks  (neutral  and  non-plumbo-solvent), 
Wakefield  Waterworks  untreaied  water  (acid  and  plumbo-solvent),  and 
Wakefield  Waterworks  treated  water  (neutral  and  non- plumbo-solvent). 

As  regards  erosion,  Wakefield  E.S.D.  (the  part  supplied  with  Wakefield 
untreated  water)  and  Handsworth  U.S.D.  (Sheffield  Hi^h  Level  ireaied 
water)  were  being  supplied  with  water  possessed  of  erosive  ability.  The 
Sheffield  water  is  treated  with  chalk,  ana  is  rendered  thereby  neutral  and 
non-plumbo-solvent  in  character.  Seemingly,  however,  the  treatment  was 
not  entirely  satisfactory  as  regards  arresting  erosion  of  hright  lead.  It 
has  already  been  pointed  out,  in  this  report,  that  while  it  is  easy  to 
render  an  acid  and  plumbo-eolvent  water  neutral  and  non-plumbo- 
solvent  in  character,  it  is  difficult  to  treat  the  water  in  such  a  manner  as 
to  place  it  in  a  position  remote  from  the  possession  of  erosive  ability. 

The  rest  of  tne  waters  were  practically  non-erosive  in  character ;  but 
most  of  them  were  near  the  possession  of  this  ability,  as  was  proved  by 
exhausting  the  plumbo-proteotive  substances  present  in  them  by  renewal 
one  or  more  times  of  the  lead  or  by  dilution  or  the  water  with  a  distilled 
water  possessed  of  erosive  power.  Such  procedure  was  usually  sufficient 
to  induce  vigorous  erosion.  This,  however,  was  not  always  the  case; 
certain  waters  might  be  described  as  remote  from  the  possession  of  erosive 
ability. 

Although  most  of  tne  waters  were  seemingly  non-plumbo-solvent  and 
non-erosive  in  character,  it  is  by  no  means  improbable  that  manv  of 
them  were,  so  to  speak,  on  the  bonier  line  as  regards  possession  of  ooth 
solvent  and  erosive  action  on  lead ;  so  that  under  certain  circumstances, 
e,g,j  a  specially  long  lead  service  pipe,  danger  might  arise  from  lead 
poisoning,  particularly  among  persons  showing  an3r  peculiar  susceptibility 
to  the  deleterious  influence  of  this  metal,  or  those  in  the  habit  of  orinking 
the  water  after  it  had  been  standing  in  the  pipes  over  night.  Here,  as 
elsewhere  in  the  report,  siatements  as  to  water  being  non-plumbo-solvent 
or  non-erosive  in  character  must  be  interpreted  in  a  relative  sense,  and 
as  founded  on  the  results  of  artificially  contrived  laboratory  conditions  of 
experiment.  "  Safety !'  as  regardi  tnahility  to  act  on  lead,  under  any 
conditione,  in  the  case  of  a  water  yielding  fiegaiive  results  vfith  the  tests 
employed/  is  therefore  to  he  regarded  as  of  relative,  not  necessarily  of 
absolute,  value. 

It  remains  to  be  noted  that  in  some  of  the  districts  above  referred  to, 
lead  service  pipes  are  not  in  use. 

♦  This,  however,  was  not  always  the  case,  as,  for  example,  in  many  of  the 
experiments  with  Mossley  water. 
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ADDENDUM  B. 


Thb  QuBSTioK  or  Standards. 

It  is  impossible  to  leave,  without  touching  on  the  question  of  standards, 
the  subject  of  lead  poisoning  by  moorland  waters.  Fixed  standards  are 
apt  to  be  open  to  objection;  neverthelesB,  the  moderate  standards 
suggested  will,  it  is  hoped,  be  found  of  practical  utility. 

BetKiion. — From  the  experience  gained  during  1893-98,  in  Yorkshire 
and  Lancashire,  it  msj^  be  laid  down  as  an  established  fact  that  a 
moorland  water  which  giyes  an  acid  reaction  with  laorooid  solution  will 
dissolve  lead  to  a  quite  appreciable  (and,  therefore,  probably  dangerous) 
extent.  Oonversely,  a  moorland  water  which  gives  a  neutral  reaction 
with  this  indicator  is  practicallv  **  safe/'  so  far  as  appreciable  solvent 
action  on  lead  is  concerned.  The  standard  suggested  is  thus  a  very 
simple  one,  namely,  that  the  water  should  give  a  neutral  reaction  with 
lacmoid  solution  of  ascertained  activity. 

Plumbo-solvenoy. — This  should  be  tested  by  upward  filtration  of  the 
water  through  a  glass  tube  (about  }  inch  diameter  and  2  feet  long, 
tapered  at  the  lower  end  and  fitted  above  with  a  rubber  bung  and  outflow 
tube).  The  tube  should  contain  50  c.c.  (by  measure)  of  specially  prepared 
({.e.,  free  from  hardening  materials)  lead  shot;  the  water  should  be 
fltered  through  at  the  rate  of  50  c.c.  per  8  minutes.  The  simple 
apparatus  used  for  this  purpose  is  illustrated  and  described  in  Volume  I. 
(pages  67  and  68  and  Diagram  A).  After  200  c.c.  of  water  have  passed 
through  the  shot,  the  next  50  c.c.  of  filtrate  are  collected  in  a  Nessler 
cylinder,  and  tested  with  sulphuretted  hydrogen  or  ammonium  sulphide 
solution.  It  is  convenient  to  compare  (a)  the  filtrate  with  (b)  50  c.c. 
of  the  unfiltered  water  (instead  of  with  distilled  water)  and  also 
with  (c)  50  CO.  of  the  unfiltered  water  to  which  one  to  three  drops 
of  standard  lead  acetate  solution  (of  such  a  strength  that  I  c.c.  is 
equivalent  to  1  mgrm.  of  lead)  have  been  added.  After  the  addition 
of  ammonium  sulphide  solution,  the  filtrate  (a)  should  not  show  any 
more  brown  coloration  than  the  unfiltered  water,  (h)  and  certainly 
less  than  the  unfiltered  water  {e)  containing  one  to  three  drops  of  lead 
acetate  solution.  As  many  moorland  waters  contain  traces  of  iron,  the 
water  to  be  tested  may,  before  adding  the  ammonium  sulphide  solution, 
be  acidified  with  hycb*ochloric  acid ;  but,  in  practice,  the  value  of  this 
precaution  has  not  always  been  apparent.  If  on  testing  the  filtrate  with 
ammonium  sulphide  solution  an  appreciable  brown  coloration  develops, 
then  the  amount  of  lead  in  solution  must  be  estimated  by  colour-titration 
in  the  usual  manner. 

The  standard  here  suggested  is  that,  after  filtering  the  water  to  be 
tested  through  the  lead  shot,  as  above  described,  the  filtrate  should  either 
give  no  more  coloration  with  ammonium  sulphide  solution  than  the 
unfiltered  water,  or  at  all  events  less  than  the  unfiltered  water ^  to  which 
one  to  three  drops  of  standard  lead  solution  (1  o.o.  =  l  mgrm.  of  lead) 
have  been  added. 

JETrosion. — This  is  a  more  difficult  problem.  An  acid  moorland  water 
juay  be  posseisod  of  erosive  ability,  as  well  as  plumbo-solvent  ability ; 
and  water  possessed  of  erosive  ability  has  been  found,  experimentally, 
sometimes  to  attack  **  coated  "  lead.  But  in  such  a  case,  the  quality  of 
plumbo-solvency  would,  apart  from  the  probably  less  important  question 
of  erosion,  suffice  to  condemn  the  water.  As  regards  neutral  moorland 
waters,  which  are  possessed  of  no  appreciable  solvent  action  on  lead,  it 
may  be  doubted  whether  they  can,  unless  exceptionally,  erode  **  coated  *' 
lead,  since  usually  they  fail  under  laboratory'  conditions  to  erode  bright 
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lead.  NevertheleBS  they  are  commonlj  so  near  the  poBseBsion  of  erosiTe 
ability,  under  laboratorj  conditions  of  experiment,  that  it  wonld  be 
unwise  to  deny  the  possibility  of  their  sometimes  overstepping  the 
border  line  as  regards  this  attribute  under  natural  and  exceptional 
circumstances. 

The  following  procedure  should  be  adopted : — ^Binse  out  three  clean 
test  tubes  (6  inches  by  }  inch)  with  the  water  to  be  tested.  Prepare  strips 
of  bright  sheet  lead  (1  inch  by  i  inch)  in  the  way  described  in  this  volume. 
(Section  I.,  see  aUo  Fig.  1,  Plate  1.)  Label  the  tubes  (a),  (5),  and  (c). 
Pour  10  c.c.  of  the  water  to  be  tested  severally  into  (a)  and  (h)  tubes, 
and  to  each  add  a  strip  of  bright  lead  (1  inch  by  }  inch).  Into  (e)  tube 
pour  10  C.C.  of  a  mixture  in  equal  proportions  of  the  water  to  be  tested 
and  a  distilled  water,  previously  proved  to  be  possessed  of  erosive 
ability,  and  then  add  a  strip  of  bright  lead  (1  inch  bv  }  inch). 

The  standard  suggested  is  that  (a)  and  (c)  tubes  snould  on  keeping  for 
at  least  a  week  show  no  signs  of  erosion  ;  and  that  the  bright  surface  of 
the  lead  should  become  coated  with  a  satisfactory  protective  adherent 
film.  Further,  that  as  regards  (f>)  tube,  the  renewal  of  the  lead  (ft.e.,  a 
fresh  strip  of  bright  lead  to  replace  the  old  one),  on  at  least  two  separate 
occasions  (after  24  and  48  hours),  should  not  result  in  the  exhaustion 
of  the  "  plumbo-protective  "  substances  present  in  the  water,  and  con- 
seauently  cause  erosion  to  occur. 

No  definite  opinion  can  be  offered  as  to  the  amount  of  lead  which  can 
without  danger  be  present  in  a  water  used  for  domestic  purposes.  The 
different  susceptibility  of  different  individuals  to  the  influence  of  lead ;  the 
divergent  views  expressed  by  different  authorities  as  to  what  quantity  is 
to  be  considered  a  poisonous  dose  when  taken  day  by  day  for  an  indefiinite 
period ;  and  the  cumulative  character  of  the  poison,  are  considerations  of 
too  grave  a  nature  to  allow  of  any  dogmatic  statement  being  made.  This 
aspect  of  the  question  was  not  formulated  in  the  scheme  of  inquiry,  and 
it  was  not,  therefore,  made  the  subject  of  sp^u^l  investigation.  It  will 
be  remembered  in  this  connection  that  Dr.  Whitelegge,  who  had  occasion, 
while  Medical  Officer  of  Health  to  the  West  Riding  Oounty  Council,  to 
study  the  subject  from  the  scientific,  practical,  and  administrative  points 
of  view,  expressed  the  opinion  that  "  no  water  should  be  used  for  drinking 
which  contains  more  than  one  part  of  lead  per  million,  and  any  trace, 
however  minntCj  indicates  danger."* 

While  it  appears  that  the  standards  suggested  above  are  convenient 
as  indicating  a  degree  of  risk  which  calls  for  prompt  recognition  by  public 
health  authorities,  and  while  they  will  probably  obviate  danger  of 
any  widespread  outbreak  of  plumbism  due  to  water  supply,  it  is  not  to 
be  contended  that  in  exceptional  cases  (as  where  a  specially  long  lead 
service  pipe  is  concerned,  or  where  individuals  are  involved  possessing 
special  susceptibility  to  the  influence  of  the  poison)  the  standards  in 
question  confer  absolute  safety.  It  should  be  the  aim  of  the  authorities 
controlling  moorland  sapnlies  to  give  the  consumer  water  without  any 
demonstrable  action  on  lead,  not  merely  water  which  barely  escapes 
condemnation  by  an  administrative  standard. 

In  addition  to  comparison  of  a  given  moorland  water  with  the  above 
standards,  the  examination  of  the  water  as  it  may  be  supplied  to  con- 
sumers after  it  has  run  through  lead  service  pipes  for  some  tmie,  and  after 
it  has  stood  in  such  pipes  for  varying  periods,  should  not  be  neglected. 
Obviously,  however,  the  use  of  standard  tests  such  as  are  suggested 
is  essential  if — as  is  proper —it  is  desired  to  secure  that  the  water  of  a 
given  supply,  when  it  reaches  the  consumer's  lead  pipes,  is  not  capable  of 
acting  to  any  material  extent  upon  them. 

*  Hygiene  and  Public  Health,  p.  85.    By  B.  A.  Whitelegge,  M.D.,  D.P.H. 
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ADDENDUM  C. 


IkDBX  Of  TaBLBS  IK  THE  O&DBB  Of  THBIR  IN0LXT8I0H  IN  THE  TeZT. 

Table  I. — Showing  the  Aolion,  as  regards  Erosion  of  Lead,  of  Bain  and 
Snow  Water. 

Table  11. — Showing  the  Besult,  as  regards  Acidity  and  Action  on 
Lead,  of  certain  Experiments  with  Bain-water  collected  from  Mioorland 
Gathering  Grounds. 

Table  III. — Showing  the  Oharacteristics  of  the  Distilled  Waters 
described  in  the  text  as  X,  XX,  and  XXX  Distilled  Water. 

Table  lY. — Showine  the  Effect,  as  regards  En>sion  of  Lead,  of  keeping 
X  Distilled  Water  in  Bottles— (a)  Partially  Filled  and  XJnstoppered,  and 
db)  Completely  Filled  and  Stoppered. 

Table  V. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  keeping 
XXX  Distilled  Water  in  Bottles— (a)  Partially  Filled  and  Unstoppered, 
and  (h)  Completely  Filled  and  Stoppered. 

Table  YI. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Boiling 
X,  XX,  and  XXX  Distilled  Water  respectively. 

Table  YII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
Exhausting  the  Air  from  Distilled  Water,  and  then  allowing  the  Water 
t«o  become  Aeraced  again. 

Table  YIII.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Aeration  of  Distilled  Water. 

Table  IX. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of 
X  Distilled  Water  upon  Bright  Sheet  Lead — (a)  Under  Ordinary 
Conditions,  (b)  Upon  Benewal  of  Lead. 

Table  X. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Be-distillation  of  XXX  Distilled  Water. 

Table  XI. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  passing 
Hydrogen  Gas  through  Distilled  Water. 

Table  XII.— Showing  that  a  Distilled  Water  which  *<  Erodes"  Lead 
loses  itB  Power  of  **  Eroding  "  Lead  under  Anaerobic  Conditions. 

Table  XlU.—Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  XXX 
Distilled  Water  upon  L^d  which  had  preyiously  been  submitted  to  the 
Action  of  a  Hard  Limestone  Water. 

Table  XIY. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Action  of  XXX  Distilled  Water  upon  Alloys  of  Lead  and  Tin. 

Table  XY. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of  XXX 
Distilled  Water  upon  Bright  Sheet  Lead — (a)  in  Beakers  completely  filled 
and  exposed  to  the  Air;  (h)  in  Beakers  completely  filled  and  the  Air 
excluded. 

Table  XVI.— Showing  the  Influence,  as  regards  Erosion  of  Lead,  of 
the  Amount  of  Oxygen  in  XXX  Distilled  Water. 

Table  XYII.^Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
leaving  XXX  Distilled  Water  in  Contact  with  Lead  for  Tarying  Periods 
of  Time. 

Table  XYIII. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of 
XXX  Distilled  Water  upon  Lead — (a)  in  the  Presence  of  Light,  (6)  in  the 
Absence  of  Light. 

Table  XIX. — Showing  the  Besult,  as  regards  Erosion  of  Lead,  of 
varying  the  Extent  of  Lead  Surface  exposed  to  the  Action  of  XXX 
Distilled  Water. 

Table  XX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Ammonium 
Chloride  (NH4CI). 
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Table  XXI. — Showing  the  Effect,  an  regards  Erosion  of  Lead,  of  the 
Addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Magnesium 
Sulphate  (MgS04). 

Table  XXII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Chloride  (NaCl). 

Table  XXIII.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Calcium 
Sulphate  (GaS04). 

Table  XXIY. — Showing  Bffect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Nitrate  ^NaNOJ. 

Table  XXY. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Nitrite  (NaNO,). 

Table  XXVI.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Potaisium 
Nitrate  (KNOJ. 

Table  XXYII.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Potassium 
Nitrite  (E^Os). 

Table  XXVIII.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Ammonium 
Nitrate  (NH4N0a). 

Table  XXIX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  DistiUed  Water  of  Measured  Quantities  of  Silica 
(SiO,). 

Table  XXX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
adding  Measured  Quantities  of  Sulphuric  Acid  (H9SO4),  Hydrochloric 
Acid,  (HCl),  and  Nitric  Acid  (HNO3)  to  XXX  Distilled  Water. 

Table  XXXI. — Showing  the  Effect,  as  reg^aids  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Distilled 
Water  saturated  with  GGj. 

Table  XXXII.—Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Lime  Water 
(CaO,H,0). 

Table  XXXIII.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
the  addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Carbonate  (NajCO,). 

Table  XXXIY.-— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
the  addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Sodium 
Bicarbonate  (NaHCOs). 

Table  XXXY. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
the  addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  Calcium 
Bicarbonate  (CaCO,,  HfCOs). 

Table  XXXVI.—  Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
the  addition  to  XXX  Distilled  Water  of  Measured  Quantities  of  a  Hard 
Limestone  Water  (Settle  Public  Supply). 

Table  XXXVII. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of 
XXX  Distilled  Water  upon  Bright  Sheet  Lead — (a)  under  Ordinary 
Conditions,  {h)  under  the  Various  Conditions  specified  in  the  Table, 

Table  XXXVIII. — Showing  the  Action,  as  regards  Erosion  of  Lead, 
of  certain  Moorland  Waters  upon  Bright  Sheet  Lead. 

Table  XXXIX. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of 
Mossley  Water  upon  Bright  Sheet  Lead — (a)  under  ordinary  conditions ; 
(h)  upon  renewal  of  Leaa. 
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Table  XL. — Showing  the  Action,  as  regards  Erosion  of  Lead,  of  certain 
Aoid  Moorland  Waters  upon  Leflui— (a)  under  Aerobic,  and  (h)  nnder 
Anaerobic  Conditions. 

Table  XLI. — Showing  the  EflTect,  as  regards  Erosioa  of  Lead,  of 
keeping  certain  Acid  Moorland  Waters  for  Varying  Periods  of  Time  in 
Partially  Filled  and  XJnstoppered  Bdttles. 

Table  XLIL— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Concentration  by  boiling  of  Shipley  Water. 

Table  XLIII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
Shipley  Water  upon  Lead  which  had  preyionsly  been  submitted  to  the 
Action  of  a  Hard  Limestone  Water. 

Table  XLIY. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  Shipley  Water  of  Measured  Quantities  of  Sodium  Carbonate 
(NajCOa). 

Table  XLY. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  of  certain  Waters  (for  the  most  pajrt  Acid  Moorland  Waters)  of 
Measured  Quantities  of  Sodium  Carbonate  (NasCOt). 

Table  XLYl.— Showing  the  Effect  as  regards  Erosion  of  Lead,  of 
Treating  an  Acid  Moorland  Water  (Bingstone  Beservoir)  with  Varying 
Quantities  of  Sodium  Carbonate  (NaaCOs). 

Table  XLVII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
neutralising  Acid  Moorland  waters  with  Lime  Water  (CaO,  HjO). 

Table  XL VIIL— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
neutralising  Shipley  Water  (an  Acid  Moorland  Water)  with  Calcium 
Bicarbonate  (CaOO,,  HtCO,). 

Table  XLIX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
Filtering  certain  Acid  Moorland  Waters  through  Limestone. 

Table  L.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Filtering 
certain  Acid  Moorland  Waters  through  Polarite. 

Table  LI.— Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  Filtering 
Acid  Moorland  Waters  through  Asbestos. 

Table  LII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
Filtering  Acid  Moorland  Waters  through  Sand. 

Table  LIII.—  Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Filtration  of  certain  Acid  Moorland  Waters  through  Flint. 

Table  LIV.— Showingthe  Effect,  as  regards  Erosion  of  Lead,  of  Filtering 
certain  Acid  Moorland  Waters  through  Marble. 

Table  LV. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  Tarious  Acid  Moorland  Waters  of  Measured  Quantities  of 
Silica  (SiOj). 

Table  LVI. — Showing  the  Action,  as  regards  Erosion  of  I^ad,  of  the 
addition  to  Shipley  Water  (an  Acid  Moorland  Water),  of  Measured 
Quantities  of-— {a)  Calcium  Phosphate  and  (5)  Sodium  Phosphate. 

Table  LVII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
Action  of  Shipley  Water  (an  Acid  Moorland  Water)  upon  Alloys  of  Lead 
and  Tin. 

Table  LVIII. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  certain  Moorland  Waters  of  the  following  substances  respec- 
tively : — Powdered  Limestone,  Chalk,  Polarite,  Iceland  Spar,  Marble,  and 
Flint. 

Table  LIX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of  the 
addition  to  certain  Acid  Moorland  Waters  of  Measured  Quantities  of  each 
of  the  following  substances :— Magnesium  Sulphate  (MgS04) ;  Potassium 
Nitrate  (KNO,);  Ammonium  Mtrate  (NU^Oj);  Sodium  Nitrate 
(NaNO,);  Sodium  Nitrite  (NaNOa);  Potassium  Nitrite  (KNOs) ;  Am- 
monium Chloride  (NH4CI) ;  Sodium  Chloride  (Na01> ;  Calcium  Sulphate 
(CaS04);  and  Sodium  Sulphate  (Na9S04). 
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Table  LX. — Showing  the  Effect,  as  regards  Erosion  of  Lead,  of 
Filtering  certain  Acid  Moorland  Waters  through  Chalk,  Marble,  Iceland 
Spar,  Coke,  and  Limestone. 

Table  LXI. — Shoiring  the  Effect,  as  regards  Erosion  of  Lead,  of  placing 
Acid  Moorland  Waters  under  the  various  conditions  specified  in  the 
Table. 

Table  LXII.— Showing  the  Action,  as  regards  Erosion  of  Lead,  of 
Settle  Water  (a  very  hard  "  Limestone  "  Water)  upon  Lead. 

Table  LXm.— -Showing  the  Plum  bo-solvent  ability  of  Rain  and  Snow 
Water. 

Table  LXIV.—Showing  the  Plum  bo-solvent  ability  of  Distilled  Water 
(X,  XX,  XXX). 

Table  LXY. — Showing  the  Effect,  as  regards  Plambo-solvency,  of 
keeping  X.  Distilled  Water  in  Partially  Filled  and  Unstoppered  Bottles. 

l^ftbleLXYI. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
boUing  X  Distilled  Water. 

Table  LXVII. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
keeping  X  Distilled  Water  in  completely  Filled  and  Stoppered  Bottles. 

Table  LXYIU. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
placing  Distilled  Water  under  Various  Couditions. 

Table  LXIX. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the 
Neutralisation  of  Distilled  Water. 

Table  LXX. — Showing  the  Becord  of  the  Chemical  Examination  of  the 
Water  obtained  from  Bldwick  Beservoir  (Shipley  Water  Supply). 

Table  LXXI. — Showing  the  Besults  of  the  Chemical  Examination  of 
the  Water  obtained  from  Eldwick  Beservoir  (Shipley  Water  Supply)  aa 
regurds  Acidity  and  Plumbo-solvency,  &c. 

Table  LXXIL — Showing  the  Acidity  dav  by  day  of  certain  Moorland 
Streams  known  as  Qrainoliffe,  Blackdyke,  and  Weecher.  Shipley 
(Eldwick)  Waterworks. 

Table  LXXIII. — Showing  the  Becord  of  the  Chemical  Examination  of 
Water  obtained  from  the  Town  of  Moesley  (Main  Water). 

Table  LXXIY. — Showing  the  Besults  of  the  Chemical  Examination  of 
the  Water  obtained  from  ^e  Town  of  Mossley  (Main  Water)  as  regards 
*'  HardneBs,"  Acidity,  and  Plambo -solvent  Ability. 

Table  LXXY.— Showing  the  Beaction  of  Mossley  Tap  Water. 

Tdble  LXXYI.-^  Showing  the  Besult  of  the  Examination,  as  regards 
Acidity  and  Plumbo-Bolvent  Ability,  of  the  "  Inlet  "  Water  to  and  the 
"Outlet"  Water  from  Sheephoase  Beservoir  (Bacup  Corporation 
Waterworks). 

Table  LXX  VII.— Showing  the  Amount  of  the  Acidity  and  the  Plumbo- 
solvent  Ability  of  Water  obtained  from  •*  Settle  Peat  Pool." 

Table  LXXYIII. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
keeping  Shipley  Water  in  Partially  Filled  and  Unstoppered  Bottles. 

Table  LXXIX. — Showing  the  Effect,  as  regards  Plumbo-solvency, 
of  keeping  Mossley  Water  in  Partially  Filled  and  Unstoppered  Bottles.  * 

Table  LXXX.— Showing  the  Effect,  as  regards  Plambo-solvency,  of 
various  Temperatures  upon  different  Acid  Waters. 

Table  LXXXI.— Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
the  continuous  passage  of  different  Acid  Waters  by  upwud  Filtration 
through  Lead  Snot. 

Table  LXXXII. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
the  Rate  of  Filtration  through  Lead  Shot  of  various  Acid  Waters. 

Table  LXXXIII. — Showing  the  Effect,  as  regards  Plumbo-solvency, 
of  passing  an  Acid  Water  repeatedly  through  Lead  Shot. 

Table  LXXXIY. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of 
Boiling  certain  Acid  Moorland  Waters. 
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Table  LXXXV. — Showine  the  Effect,  as  regards  Plumbo-solvenoy,  of 
the  Aeration  of  certain  Acid  Moorland  Waters. 

Table  LXXXVI. — Showing  the  Effect,  as  regards  Plnmbo  solvency,  of 
the  Concentration  by  boiling  of  Shipley  Water. 

Table  LXXXVn.— Showing  the  Effect,  as  regards  Plnmbo-solrenoy, 
of  the  addition  to  certain  Acid  Waters  of  Lead  which  had  prcTioosly  been 
sabmitted  to  the  action  of  Sodiam  Carbonate  and  Caloiom  Sulphate. 

Table  LXXXYIU.— Showing  the  Effect,  as  regards  Flombosolvency, 
of  the  addition  to  different  Acid  Waters  of  Measured  Quantities  of 
Magnesium  Sulphate  (MgSOO. 

Table  LXXXIX.— Showinethe  Effect,  as  regards  Plnmbo-aolveDOjr,  of 
the  addition  to  various  Acid  Waters  of  Measured  Quantities  of  Calcium 
Sulphate  (CaS04). 

Table  XO. — Showing  the  Effect,  as  regards  Plumbo.solYenoj3r»  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Sodiam 
Chloride  (NaCl). 

Table  XCI.— Showing  the  Effect,  as  regards  Plumbo-solvenoy,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Ammonium 
Chloride  (NH4CI). 

Table  XOII.—  Showing  the  Effect,  as  regard  Plumbo-solvcncy,  of  the 
addition  to  various  Acid  Waters  of  Measuro^  Quantities  of  Potassium 
Nitrate  (ENO,). 

Table  XCIII. — Showing  the  Effect,  as  regards  Plnmbo- solvency,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Ammonirm 
Nitrate  (NH^NOa). 

Table  XC3V.— Showing  the  Effect,  as  regards  Plumbo-solvenoy,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Sodium 
Nitrate  (NaNOa). 

Table  XCV.—  Showing  the  Effect,  as  regards  Plumbo-solvenoy,  of  the 
addition  to  certain  Acid  Moorland  Waters  of  Measured  Quantities  of 
Sodium  Nitrite  (NaKOj). 

Table  XC VI.— Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the 
addition  to  certain  Acid  Moorland  Waters  of  Measured  Quantities  of*-(a) 
Calcium  Phosphate  and  (h)  Sodium  Phosphate. 

Table  XCYII. — Showing  the  Effect,  as  regards  Plumbo-solvenoy,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Potieussium 
SiUcate. 

Table  XCVIII.— ShowKig  the  Effect,  as  regards  Plumbo-solvency,  of 
the  addition  to  various  Acid  Waters  of  Measured  Quantities  of  Silica 
(SiOtV 

Table  XOIX.— Showing  the  Effect,  as  regards  Plumbo-solvenoy,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  a  hard 
Limestone  Water  (Settle  Public  Supply.) 

Table  C. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the 
addition  to  various  Acid  Waters  of  Measured  Quantities  of  Ammonium 
Carbonate  (WEUhCO^. 

Table  CI.— Showing  the  Effect,  as  re0U*ds  Plumbo-solvency,  of  the 
Neutralisation  of  certain  Acid  Waters  by  Lime  Water. 

Table  CU. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of  the 
addition  to  certain  Aoid  Waters  of  Measured  Quantities  of  Powdered 
Chalk  (CaCOg). 

Table  CIII. — Showing  the  Effect,  as  regards  Plumbo-solvency,  of  th  e 
Neutralisation  of  certain  Acid  Moorland  Waters  with  Sodium  Carbonate 
(Na^COs). 

Table  CIY.— Showing  the  Effect,  as  icgaids  Plnnbc-golTcncy,  of  the 
Filtration  of  various  Acid  Moorland  Wnteis  lire  ugh  Iceland  8par. 
E    98614.  F   F 
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Table  CY. — Showing  the  Effect,  as  regards  Flninbo-solvenoy,  of  the 
Filtration  of  varioas  Acid  Moorland  Waters  through  Asbestos. 

Tible  OVI.— Showing  the  Bffeot,  as  regards  Plambo-Bolvency,  of  the 
Filtration  of  Acid  Moorland  Waters  through  Coke. 

Table  OVII.— Showing  the  Effect,  as  regards  Flnmbo-Bolvency,  of  the 
Filtration  of  Acid  MoorCmd  Waters  throngh  Polarite. 

Table  OYIIl.— Showing  the  Effect,  as  regards  Plnmbo-solvencj,  of 
the  Filtration  of  certain  Acid  Moorland  Waters  throngh  Limestone. 

Table  OIX.— Showing  the  Effect,  as  regards  Flnmbo-solTencj,  of  the 
Filtration  of  certain  Acid  Moorland  Waters  through  Sand. 

Table  GX.— Showing  the  Effect,  as  regai*ds  Plambo-solvency,  of  the 
Filtration  of  certain  Acid  Moorland  Waters  throngh  Marble. 

Table  OXI.— Showing  the  Effect,  as  regards  Plnmbo -solvency,  of  the 
Filtration  of  certain  Acid  Moorland  Waters  through  Gbalk. 

Table  OXII.— Showing  the  Effect,  as  regards  Plnmbo-solyency,  of  the 
Filtration  of  certain  Acid  Moorland  Waters  throngh  Flint. 

Table  OXIII. — Showing  the  Hardness,  Acidity,  and  Action  on  Lead 
of  Shipley  Water  before  and  after  the  addition  of  Powdered  Marble, 
Kirer  Sand,  Powdered  Limestone,  Powdered  Ohalk,  Sea  Sand,  Iceland 
•Spar,  and  Powdered  Flint. 

Table  OXIY.— Showing  the  Effect,  as  regards  Acidity  and  Action  on 
Lead,  of  treating  an  Acia  Moorland  Water  with  a  Neutralising  Quantity 
of  Sodium  Carbonate  (NasOOJ,  Lime  (CaO),  and  Chalk  (CaCOs). 

Table  CXY. — Showing  the  Effect,  as  regards  AcidiW  and  Plnmbo- 
■olrent  ability  of  filtering  Shipley  Water  (an  acid  Moorland  Water) 
through  Limestone. 

Table  OXVI. — Showing  the  Amount  of  the  Acidity  in  Shipley  Water 
(surface  of  Eldwick  Bewrvoir),  and  the  Effect,  as  regards  Acidity,  of 
preserving  the  Water  for  some  time — (a)  in  Completely  Filled  and 
Stoppered  Bottles  and  {h)  in  Incompletely  Filled  and  XJustoppered 
Bottles. 

Table  CXYII. — Showing  the  Amount  of  the  Acidity  of  the  Mossley  Main 
Water  and  the  Effect,  as  regards  Acidity,  of  Preserving  the  Water — (a)  in 
Completely  Filled  and  Stoppered  Bottles  and  (6)  in  Incompletely  Filled 
and  tJnstoppered  Bottles. 

Table  CXYIIL^Showing  the  Amount  of  the  Acidity  in  Settle  Peat 
Pool  Water,  and  the  Effect,  as  reffards  Acidity,  of  keeping  the  Water  for 
some  IHme— (a)  in  Completely  FQled  and  Stoppered  Bottles  and  (6)  in 
Incompletely  Filled  and  TJnstoppered  Bottles. 

Table  OXIX. — Showing  the  Besults,  as  regards  Acidity,  of  keeping 
certain  Moorland  Waters  for  varying  Periods  of  Time  in  Completely 
Filled  and  Stoppered  Bottles  and  in  Bottles  only  Partially  Filled  and 
TJnstoppered. 

Table  CXX.— Showing  the  Amount  of  the  Acidity  in  Mossley  Main 
Water,  and  the  Effect,  as  regards  Acidity,  of  boiling  the  Water  for 
i  hour  and  making  up  to  the  original  Amount  with  a  I^entral  Distilled 
Water, 

Table  OXXL— Showing  the  Effect,  as  regards  Acidity— fa)  of  Boiling 
and  (5)  Aeration  of  Water  obtained  from  "  Settle  Peat  Pool." 

Table  CXXII. — Showing  the  Belation  between  the  Amount  of  the 
Acidity  and  Dissolved  Oxygen  in  the  Water  of  "  Settle  Peat  Pool." 

Table  CXXIII.— Showing  the  Effect,  as  regards  Acidity,  of  keeping 
certain  Acid  Moorland  Waters  after  Neutralisation  with  Sodium  Carbonate, 
•*(a)  in  Stoppered  Bottles  with  an  Air  Space ;  {h)  in  XJnstoppered  Bottles ; 
Iknd  (c)  in  Completely  Filled  and  Stoppered  Bottles, 


Digitized  by  VjOOQIC 


451 

Table  GXXIY. — Showing  the  RosuHk,  u8  roji^ards  Acidity,  of  ibe 
Distillatioii  of  certain  Acid  Moorlaud  Waters. 

Table  OXXY. — Showing  the  result  of  certain  Experiments  with  Peat 
Asb. 

Table  CXXYI.— Showing  the  BesuU,  as  regards  Acidity,  of  the  addition 
of  Peat  Ash  to  certain  Waters. 

Table  OXXYIL — Showing  the  Besults,  as  regards  Acidity  and  Plnmbo- 
solvency,  of  certain  Experiments  with  Sulphide  of  Iron  (Feo.) 

Table  GXX  VIII.— Showing  the  Eflbct  of  adding  Iron  Ore  to  Tarious 
Waters,  and  keeping  for  varying  Periods  in  Stoppered  Bottles  with  Air 
Space  as  regards  Acidity. 

Table  CXXTX. — Showing^  the  Effect,  as  regards  Acidity  and  Action 
on  Lead,  of  adding  Feat  (with  and  without  Iron  Ore  and  Peat  Iron  Ore) 
to  Distilled  Water,  and  keeping  the  Mixture  for  varying  Periods  in 
Stoppered  Bottles  with  Air  Space. 

Table  GXXX. — Showing  the  Besult,  as  regards  Acidity,  of  ceHain 
ExperimentH  in  which  Distilled  Water  and  Bain-water  were  mixed  with 
one  of  the  following  substances : — Marcasite  (FeS2) ;  Iron  Pyrites  (FeSs) ; 
Sandstone,  Shale,  and  "  Bog  Iron  Ore." 

Table  CXXXI. — Showing  the  Results,  as  regards  Acidity  and  Plumbo- 
solvency,  of  certain  Experiments  with  Marcasite  (FeSs),  Iron  Pyrites 
(FeSs)>  Sandstone,  and  Shale. 

Table  GXXXIE.— Showing  the  Besults  of  the  Chemical  Examination 
of  an  Acid  Water  issuing  from  Ot^al  Workings  (rich  in  Iron  Pyrites)  on 
Bochdale  Moorland  Gathering  Grounds. 

Table  CXXXin.— Showing  the  Effect,  as  regjards  Acidity  andPlumbo- 
solvency,  of  filtering  Water  through  Rock  rich  in  Iron  Pyrites  (FeSs)* 

Table  OXXXIV.— Showing  the  Effect,  as  regards  Acidity  and  Plumbo- 
solvency,  of  leaving  Peat  in  Oontaot  with  a  large  Quantity  of  Stagnant 
Water. 

Table  GXXXY.— Showing  the  Effect,  as  regards  Acidity  and  Plumbo- 
solvent  Ability,  of  filtering  Distilled  Water  through  Peat.  The  same 
Sample  of  Peat  was  used  throughout  the  Experimente,  but  the  Filtration 
was  intermittent — ^the  Peat  being  allowed  to  rest  between  each  Experiment. 

Table  CXXXYI. --Showing  the  Effect,  as  regards  Acidity,  of  Filteriuff 
Boiled  Distilled  Water  (Neutral)  through  Peat.  The  same  Peat  was  used 
throughout,  but  allowed  to  rest  between  each  Experiment. 

Table  OXXXYII. — Showinff  the  Efiect,  as  regards  Aciditvand  Plumbo  • 
solvent  Ability,  of  filtering  Water  intermittently  through  Peat. 

Table  CXXXYIII. — Showing  the  Results,  as  regards  Acidity  and 
Plumbo-solvenoy,  of  passing  Water  slowly,  but  continuously,  through  Peat 
saturated  with  water. 

Table  OXXXIX. — Showing  the  Effect,  as  regards  Acidity  and  Action 
on  Lead,  of  adding  Peat  to  Distilled  Water  and  keeping  the  Mixture  for 
varying  Periods  in  Stoppered  Bottle  with  Air  Space. 

Table  OXL.— Showing  the  Effect,  as  regards  Acidity  and  Plumbo - 
solvency,  of  filtering  a  Hard  Limestone  Water  through  Peat. 

Table  OXLI.— Showing  the  Effect,  as  regards  Aciditv  and  Plumbo* 
solvency,  of  Filtering  Non-plumbo-solvent  Water  through  Peat  to  which 
certftin  Substances  had  been  added. 

Table  OXLII.— Showing,  as  regards  Acidity  and  Plumbo^solvenoy, 
the  Result  of  certain  Experiments  with— (a)  Peat  coniaining  a  large 
Amount  of  Iron  and  (6)  Peat  containing  apparently  no  Iron. 

Table  OXLIII.— Showing  the  Effect,  as  regards  Acidity,  of  Filtering 
Distilled  Water  through— (o^  Peat  -f  O  and  through  (6)  Peat  +  **  Iron 
Ore.** 
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Table  CXLIV.— Showing  the  Effect,  a8  regards  Aoiditv  and  Plombo- 
solvency,  of  heating  Feat  to  100^  C.  for  some  time,  and  then  filtering 
Distilled  Water  through  it. 

Table  CXLY. — Showing  the  Betsalt,  as  regards  Acidity  and  Plambo- 
solyent  Ability,  of  filtering  Distilled  Water  through  Peat  freshly 
collected,  and  through  the  same  Peat  after  being  kept  for  some 
considerable  time  in  a  moist  Chamber. 

Table  OXLVI.— Showing  the  Effect  of  filtering  Distilled  Water 
through  Peat,  as  regards  the  Acidity  and  Plumbo-aolvency  of  the 
Filtrate,  and  also  the  JEtesult  of  keeping  the  Filtrate  for  Taryiug  Periods 
of  Time  in— (a)  partially  Filled  and  Stoppered  Bottle ;  (b)  partially  Filled 

and  Stoppered  Bottle,  but  neutralised  ^NajCOj;  (c)  completely  tilled 

and  Stoppered  Bottle ;  (J)  completely  FilJed  and  Stoppered  Bottle,  but 

neutralised  ^^NaaCO^. 

Table  CXLYII. — Showing  the  Besult.  as  regards  A.cidity,  of  keeping 
certain  Acid  Moorland  Waters  in  Stoppered  Bottles,  with  and  without  the 
inhibition  of  Bacterial  Growth  with  Alcohol. 

Table  OXLVIII. — Showing  the  Effect,  as  regards  Acidity,  produced 
by  increasing  the  Nntritiye  Power  of  Settle  Peat  Pool  Water  with  Peat 
Decoction. 

Table  OXLIX. — Showing  the  Besult,  as  regards  Acidity,  of  inocalating 
Sterile  Peat  Decoction  with  Minimal  Quantities  of  Moorland  Waters. 

Table  CL. — Showing  the  Besult,  as  regards  Acidity,  of  inoculating 
Sterile  Peat  Decoction,  containing  1  per  cent.  Glucose  with  Minimal 
Qnantities  of  a  Moorland  Water. 

Table  OLI. — Showing  the  Result,  as  regards  Acidity  and  Plumbo- 
solvent  Abili^,  of  inoculating  Sterile  Peat  Decoction  with  Minimal 
Quantities  of  Certain  Moorland  Waters. 

Table  CLII. — Showing  the  Besults  of  inoculation  of  Peat  Decoction 
with  a  Mixture  of  Peat  Micro-organisms. 

Table  CLIII.— Showing  the  Besult,  as  regards  Acidity,  of  tho  inoculation 
of  Sterile  Peat  Decoction  with  a  mixture  of  Peat  Micro-organisms. 

Table  CLIY. — Showing  the  Besult,  as  regards  Acidity  and  Plumbo- 
Bolvency,  of  inoculating  Sterile  Peat  Decoction  with  a  Mixture  of  Peat 
Micro-organisms. 

Table  OLV. — Showing  the  Besults  (as  regards  Acidity)  of  inoculating 
Peat  Decoction  (-f- 1  per  cent,  cane  sugar)  with  a  Mixture  of  Peat 
Micro  •  organisms. 

Table  CLYI.— Showing  the  Besults  of  inoculation  of  Sterile  Peat 
Decoction  (containing  Peptone  and  Salt)  with  a  Mixture  of  Peat  Micro- 
organisms. 

Table  CLVII. — Showing  the  Besult,  as  regards  AcidiW,  of  inoculating 
Sterile  Peat  Decoction  with  a  Mixture  of  Peat  Micro-organisms. 
C  ulti vated  A  naerobically . 

Table  CL VIII.— Showing  the  Besult  of  inoculating  Peat  Decoction 
(-f-2  per  cent.  Glucose)  with  a  Mixture  of  Peat  Micro-organisms. 
Cultivated  Anaerobically. 

.  Table  CLIX. — Showing  the  Besult  (as  regards  Acidity)  of  inoculating 
various  Peat  Decoctions  with  Pure  Cultivations  of  Micro-organisma 
isolated  from  Peat  Soil. 

Table  CLX.— Showing  the  Quality  of  the  Water  (as  regards  Acidity  and 
Action  on  Lead)  supplied  to  various  Sanitary  Districts  in  Yorkshire. 
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ADDENDUM  D. 


List  of  Yaaious  Watr&s  bbfe&bed  to  in  the  Tbxt,  in  the  obdeb  of 

THBIB  INCLUSION. 

No. 

1.  X,  XX,  yyr  nUtilled  Water,^8ee  Table  IIL  of  this  volume. 

2.  Settle  Water, — Public  water  supply  to  Settle;   a  hard  limestono 

water. 

3.  Mytholfwroyd  Betervoir  Watet: — Survey  No.  16,  Morley  Corporation 

Waterworks  (page  152,  Vol.  I.). 

4.  Wiihins  £f<reani.— Ditto. 

5.  J<ich  Glough  Stream. — Ditto. 

6.  Fleicher'B  Dyke  flffreow.— Ditto. 

7.  Wakefield  "  Treated  "  TTttfer.— Survey  No.  23,  Wakefield  Corporation 

Works  (page  189,  Vol.  I.). 

8.  Wakefield  "  Untreated  "  TTa^er.— Ditto. 

9.  Brushes  Reservoir  Water, — Survey  No.  1,  Ashton^under-Lyne  Water- 

works (page  69,  Vol.  I.). 

10.  Lower  Stvineshaw  Reservoir  Water, — Ditto. 

11.  Higlier  Swineshaw  Reservoir  Water. — Ditto. 

12.  Yeoman  Hey  Reservoir  TTafer  .—Ditto. 

13.  Watersheddels    Reservoir, — Survey    No.   14,   Keigbley    Corporation 

Waterworks  (page  142,  Vol.  I.). 

14.  No»  13,  Acid  peat  feeder  to  Watersheddels  Rese^'voir, — Ditto. 

15.  Leeds  Main  Water, — Survey  No.  15,  Leeds  Corporation  Waterworks 

(page  149,  Vol.  I.). 

16.  Wicken  Brook  and  Spring  Waters  (Nos.  1,  2,  3,  4,  h),-^8ee  No.  9. 

17.  Ferrugvnons    Stream  (D  1).— Survey    No.  22,  Shipley    (Bidwick) 

Waterworks  (page  184,  Vol.  I.). 

18.  Acid  Peat  Feeder  (D  12).— iSfee  No.  17  reference. 

19.  Acid  Peat  Feeder  (D  8).— Ditto. 

20.  Acid  Peat  Feeder  (D  2).— Ditto. 

21.  Acid  Peat  Feeder  (D  9).— Ditto. 

22.  Acid  Peat  Feeder  (D  6).— Ditto. 

23.  Weecher  Stream,— Ditto, 

24.  Mdnjoick  Reservovr, — Ditto. 

25.  Black  Dyke  Stream,    Ditto. 

26.  Morley  Main  Water, — See  No.  3  reference. 

27.  No.  13,  Acid  Feeder, — See  No.  13  reference. 

28.  A,  Neutral  Feeder.-^Bitto, 

29.  No,  11,  Ferruginous  Stream,  Neutral, — Ditto. 

30.  No,  10,  Acid  JFWer.— Ditto . 

31.  Z,  Conduit  Water,  ulaui— Ditto. 

32.  No.  16,  Neutral  i^'eeder.^Ditto. 

33.  No.  2,  Neutral  JPeecfer.— Ditto. 
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No. 

34.     No.  8,  Neutral  Feeder.-^See  No.  13  Kefercnce. 

36.    No.  4,  Acid  Feeder. —Ditto, 

36.  No.  3,  Acid  Feeder. -^Bitto. 

37.  Rivei'  Don. — Survey  No.  11,  Dewsbury  and  Heokmondwike  Water 

Board  (page  127,  Vol.  I.). 

38.  Oreat  Grain  Ohugh. — 8ee  No.  37  referemie. 

39.  LiiUe  Grain  Olough. — Ditto. 

40.  Dearden  Olough.— Ditto. 

41.  Swine  Olough. — Ditto. 

42.  Dunford  Reservoir  Water. — Ditto. 

43.  Keighley  Filtered  Water.  -^8ee  No.  13  reference. 

44.  MossUy  Watw  (unless  otherwise  stated,  this  indicates  Mossley  Main 

Water).— i^ee  No.  9  reference. 

45.  Sheffield  Main  Water  (high  level).— Survey  No.  21,  Sheffield  Cor- 

poration Waterworks  (page  178,  Vol.  I.). 

46.  Sheffield  Main  Water  (low  level).— Ditto. 

47.  Keighley  Water  hefore  Filiraiion. — See  No.  13  reference. 

48.  Bradford  Main  Water  (high  level).— Survey  No.  8,  Bradford  Cor- 

poration  Waterworks  (page  108,  Vol.  I.). 

49.  Bradford  Main  Water  (low  level). — Ditto. 

60.  Bradfield  Water.— See  No.  45  reference. 

61.  Sfrinea  Reservoir  TTater.— Ditto. 

62.  Ogden  Reservoir  TTafer.- Ditto. 

63.  Hadfield  Reservoir  TTater.— Ditto. 

54.    Lower  Red/mires  Reservoir  Water. — Ditto. 

66.  Higher  Redmires  Reservoir  Water. — Ditto. 

56.     Thornton    Moor   Reservoir    Water   before    Treatment. — See    No.    48 
reference. 

67.  Thornton  Moor  Reservoir  Water  after  Treatment. — Ditto. 
58.     Moss  Spring  Water. — Ditto. 

69.     Stvhden  Reservoir  Watei\ — ^Ditto. 

60.  Yat-^hoVme  Reservoir   Water.  —  Survey  No.   5,  Batley  Corporation 

Waterworks  (page  94,  Vol.  I.). 

61.  Ramsdeen  Olough  Water. — Ditto. 

62.  Yateholme  Spring  TTater.— Ditto. 

63.  BoA'nsley  Reservoir  Unfiltered  Water.  ^Survey  No.  3,  Barusley  Cor- 

poration Waterworks  (page  86,  Vol.  I.). 

64.  Bamsley  Water  after  Filiration, — Ditto. 

66.    Shipley  Water  (unless  otherwise  stated,  this  means  Shipley  Eldwich 
Reservoir  Water). — See  No.  17  reference. 

66.  Ringstone  Reservoir  Water.  ^See  No.  7  reference. 

67.  Ardsley  Water  {before  Treatfnent). — Ditto. 

68.  Graindiffe  Stream.—See  No.  17  reference* 

69.  Weecher  Stream* — Ditto. 

70.  Waiersheddels  Reservoir  Water  (after  passing  through  Filter  Beds). — 

See  No.  13  reference. 

71.  Low  Moor  Oatchwater  Oonduit. — See  No.  7  reference. 

72.  ** Inlet**  WiUer  from  Sheephouse  Reservoir. — Survey  No.  2,  Bacnp 

Corporation  Works  (page  81,  Vol.  I.). 
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No. 

73.  "  Outlet "  Water  froni  Sheephouee  Bcudrrotr.— Survey  No.  2,  Bacnp 

Corporation  Works  (page  81,  Vol.  !.)• 

74.  Settle  Peat  Pool  TTo^^r.— This  water  was  deriyed  from  a  pool  on  the 

peat  on  moorlandi  in  the  neighbourhood  of  Settle. 

75.  MoHey  Water  (unless  otherwise  stated,  this  indicates  Morley  Main 

Water). — See  No.  3  reference. 

76.  Ooufm  Brooh  Beservoir  Water. — Survey  No.  20,  Rochdale  Corporation 

Waterworks  (page  173,  Vol.  I.). 

77.  Wham  Beservoir  Water, — Ditto.  • 

78.  ••  Iron  "  Water  from  Goal  Workings. ^Bitto. 

79.  Feeder  (Northaide)  to  Langden  Brook. — Survey  No.  19,  Proaion  Cor- 

poration Waterworks  (page  170,  Vol.  I.). 

80.  Stony  Clough  Intake. — Survey  No.  6,  Blackburn  Corporation  Water- 

works (page  98,  Vol.  1.). 

81.  Feeder  to  Well  Spring  Oiow^fc.— Ditto. 

82.  Springs  Reservoir  Water. — Survey  No.  7,  Bolton  Corporation  Water- 

works  (page  104,  Vol.  I.). 

83.  Oadshaw  Brook.  -Ditto. 

84.  Venemous  Olough  No.  I. — See  No.  70  reference. 

85.  Venemous  Olougk»No.  JJ.— Ditto. 

86.  Sheephouse  CUmgh  Beservoir. — Ditto. 

87.  ''Outlet**  Blackmoorfoot  Beservoir.-^Suryey  No.   13,   HuddersOeld 

Corporation  Waterworks  (page  138,  Vol.  1.). 

88.  Pooka  Beck  Beservoir. — Survey  No,  4,  Barrow-in-Furness  Corporation 

Works  (page  90,  Vol.  I.). 

89.  Sioinden   Brook.  —  Survey    No.    9,    Burnley    Corporation    Works 

(page  117,  Vol.  I.). 

90.  Caut  Clough  Beck.-^Diiio. 
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EROSION  OF  LEAD. 

PLATE-  VIL 

Pig.  10, 

In  illustration  of  Experiment  8  (a),  (b\  Table  I.,  showing  the 
erosive  action  of  melted  snow-water  on  bright  lead.  Photographed 
on  the  fourth  day. 

[About  natural  size.] 
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(a.)  (b.) 


Fig.  10. 
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EROSION  OP  LEAD. 

PLATE  VIIT. 
Via.  11. 
(a.)  R«"-w«t«r     (August     2,1  j,^  .^^^^^^^  Experiment  1  (6)  «.d 
(.,KJ2^ter     (Augu.     J     ^i^'^  aSJ^f'»ii::&.    '^ 

rc  ^  Moaalflv  water  rAumist  21  1  '^^  illustrate  ExperimeDt  2  (a),  (^) 
lis  I       respectively,     Table      XXXIX.^ 

/j\  HM  ^  ^'      *         A  ^     showing  that  renewal  of  the  lead 

(d.)  Mosdejr  water    after    re-  ^     j^^  ^  ;^^  .„  ^^^  ^^  ^j. 

newal  of  the  lead  twice.  J       ^^^^^^^  ^^^ 

(e.)  Oibtilled  water  X  (August  | 

10,  1894).  I  Showing    that     repeated    i-enewal 

(/.)   Distilled  water  X  (August  S-     of  the   lead  leads  to  erosion  ir^ 

10,  18d4),  after  renewal  f       the  ease  of  an  X  distilled  water. 

of  the  lead  seven  times.  J 

Photographed  September  11,  1894. 
[About  natural  size.] 


K     98614.  Q  ^ 
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PLATE  VIII. 

^ 

.    ^Aw 

(c.)               id.) 

(e.) 

(/•) 

Fig.  11. 


Digitized  by  V3OOQ IC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


400 


EROSION  OP  LEAD. 

PLATE  IX. 

Fig.  12. 

IShowing  (a,)  1  the  non  erosive   character   oF  X  and  XX  distilled 

S6.)  J      water  respectively. 
c)     the  erosive  action  of  XXX  distilled  water, 
(if.)    the  erosive  action   of    XXX  distilled    water   after 
preliminary  treatment  as  follows  : — 

After  boiling  and  then  allowing  water  to  cool  and 
to  re-absorb  oxygen  from  the  air. 

Photographed  2?th  day. 
[Abont  natural  size.] 
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(«.)  (*■)  (c.)  (d.) 


Fig.  12. 
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EROSION  OF  LEAD. 

PLATE  X. 

Fig.  18. 

A.  10  C.C.  X  diBtilled  water.     No  erosive  action. 

B.  „  „  „        After  exhausting  diaeolved  gases  and 

allowing  water  to  re-absorb  oxygen 
from  the  air.  Decided  erosion  took 
place. 

C.  „  „  „        After  heating  to  1(J0°C.  for  five  minutes, 

allowing  water  to  cool  and  re-absorb 
oxygen  from  the  air.  Erosion  took 
place. 

D.  10  C.C.  XXX  distilled  water,  containing   1  |)er  cent.  5-  Na,CO,. 

No  action  took  place  owing  to  the 
inhibitory  influence  of  the  sodium 
carbonate. 

B.     ff  ff  99         ,  containing    I    per    cent,  ^q  HjSO^. 

No  action  visible  when  photograph 
was  taken,  later,  however,  erosion 
commenced. 

Photographed  fifth  day. 
[About  natural  size.] 
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PLATE  X. 
B.  C.  D.  E. 


Fig.  13. 
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EROSION  OF  LEAD. 
PLATE  XI. 

Fig.  14. 

In  illuhti-Htion  of  Table  XII.  :^ 

TExhausted  of  air :  no  aclion  on  lead 

A    Oik        x'v-v  1-  *:ii^  -«*^-        toot  place.    After  a  few  hoars 

A.  2i>  e.'!.  XXX  distilled  water!      ..       K^....   ^^j    ,,  ^^    ««^-:^« 

.    T>        «  1  K      ftir    admittea  and   then    erosion 

in  noux  tube.  \  j       ^ 

I      commenced,  and  was  progressive 

(^     in  choracter. 

B.  20  c.c.  XXX  distilled  water  f  Erosion  commenced    at  once,  and 

in  Roux  tu1>e.  (      was  progressive  in  character. 

C.  20  c.c.  XXX  distilled  water  f  Exhausted   of  air  and    then  tube 

id  llnux  tube.  \     sealed.    No  action  took  place. 

Photographed  17th  daj. 
[About  natural  size.] 
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B. 


Fig.  14. 
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EROSION  OF  LEAD. 


PLATE  XII. 


Fig.  15. 


(a.)  Shipley  water  of  July  5th," 

1894. 
(6.)  Shiple}  water  of  July  25th, 

1894. 
(c.)  Shipley  water  of  July  30th, 

1894. 
(d,)  Shipley  wal^r  of  Aug.  6th, 

1894. 

(e.)  Mossley  water  of  .July  6th,' 

1894. 
(/.)  Mossley    water    of   July 

26th,  1894. 
(g,)  Mossley    water    of    July 

31st,  1894. 
(A.)  Mossley  water  of  Aug.  7th, 

1894. 


Erosion  iu  all  four  tubes.  In  illus- 
tration of  the  erosive  ability  of 
a  moorland  water. 


No  visible  erosion  in  any  of  the 
tubes.  Showing  that  M  moor- 
land waters  do  not  erode  bright 
lead  although  they  may  be  near 
the  possession  of  erosive  ability. 


Photographed  August  11,  1894. 
[About  natural  size.] 
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PLATE  XII. 


(I)~       (A.)  (c.)         (I)  %.)  (f.)  (g?)         0^ 


mg.  16. 
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EROSION   OF   LEAD. 

PLATE    XTII. 

Fig.  16.    • 

Showin<^  (a.)  the  non-erosive  character  of  X  distilletl  water. 

(6.)  the  erosive  character  of  X  distilled  water  after  pre- 
liminary treatment  as  follows  : — Boilinfi;  in  a  platinum 
dish,  and  then  allowing  wuter  to  cool  and  re-absorh 
oxygen  from  the  air. 

(c.)  the  erosive  character  of  X  distilled  water  after  being 
kept  in  a  partially  filled  and  unstoppered  bottle  lor 
some  time  previous  to  testing. 

(d,)  the  erosive  character  of  XXX  distilled  water. 
Photogn^hed  Hth  day. 

[About  natural  size.] 
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PLATE  Xni. 

(a.)  (6.)  (c.)  (d.) 


Fig.  16. 
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IBOSION  OF  LIEAD. 

PLATE  XIV. 
Pio.  17. 


Sbowiog  (a.)l  the  erosive  character  of  X  aud  XXX  dittilied  waters 
I      respectively,    after  prelimiaary   treatment  as  fol- 
f     lows : — Air  exhausted  and  then  the  waters  allowed 
(6.)  J      to  re-absorb  oxygen  from  the  atmosphere. 

I  the  erosive  character  of  XXX  and  X  distilled  waters 
respectively,  after  preliminary   treatment  as  fol- 
lows : — Washed  atmospheric  air  passed  through  the 
{d.)  J      waters  for  half  an  hour. 

(e.)  the  erosive  character  of  X  distilled  water  after  pre- 
liminary treatment  as  follows  : — ^The  water  was 
kept  for  12  days  in  a  partially  filled  and  un- 
stoppered  bottle. 

Photographed  8th  day. 
[About  natural  size.] 


(c.yy 

id.)} 
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PLATE  XIV. 

(«•)  (*•)  (c.)  (d.)  (e.) 


Fig.  17. 
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ER0S10^•  OF  LEAD. 

PLATK  XV. 

Fig.  18. 

In  aiu«tration  of  Experiment  3  (e),  (/) ;  (a),  (6) ;  (c),  {d),  Table 
XXXYlK.y  showing  that  certain  moorland  waters  do  not  erode  bright 
lead  (e,  o,  and  c),  bnt  are  near  the  possession  of  erosive  ability  as  may 
be  shown  by  renewing  the  lead  one  or  more  times  (/,  6,  and  d). 

Photographed  26th  day. 

[About  natural  size.] 
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PLATE  XV. 


Fig.  18. 
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EROSION  OF  LEAD. 

PLATE  XVL 

Fig.  19. 

In  illustration  of  Experiment  2,  a,  b,  Table  XXXVIIL 

Showing  (aO  that  Wakefield  ^'  treated  "  water  (sodium  carbonate), 
not  onl^  does  not  erode  lead,  but  is  remote  from 
the  possession  of  erosive  abUitj  as  was  proved  bj 
frequent  renewal  of  the  lead. 

(6')  that  Wakefield  water  before  "  treatment "  erodes  lead 
in  vigoroas  fi»hion. 

Photographed  25th  day. 

[About  nutural  si^M.] 


K     98614.  H   H 
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PLATE  XVI. 


Fig.  19. 
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EROSION  OP  LEAD, 

PLATE  XVII. 

Fig.  20. 

In  illustration  of  Experiments  A.  and  B  ,  Table  XLI.  Showing  the 
erosive  action  of  Shipley  water  on  bright  lead  after  being  kept  in 
partiallj  filled  and  unstoppered  bottles  for  199  dajd  (A.)  and  192 
days  (B.)  respectively. 

Photographed  on  the  21st  day. 
[About  natural  size.] 


Digitized  by  VjOOQIC 


PLATE  XVII. 


B. 


Fig.  20. 
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EROSION  OF  LEAD. 
PLATE  XVIII. 

Fio.  2L 

In  illnstration  of  Experiment  9,  (a),  (b)^  (e),  Tftble  LII.  Showing 
the  erosive  ability  of  Shipley  water  on  bright  lead  before  filtration 
[(a)  tube] ;  and  also  after  filtration  through  25  c.c.  sand  [(6)  tube], 
and  50  c.c.  sand  [(c)  tube]  in  the  laboratory.  It  will  be  noted  that 
erosion  has  occurred  in  all  three  tubes. 

Photographed  15th  day. 
[About  natural  sice.] 
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PLATE  XVIII. 


(a.)  (i.)  (c.) 


Pig.  21, 


Digitized  by  V3OOQ IC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


